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ABSTRACT
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local sclience curriculum developers to produce units of study, each
representing a process of science applied to one of the conceptual
schenes of science within one of the major categories of science.

Fxaaples of variants,

(at ten levels of sophistication), of the 18

major concepts which result fron applying the conceptual thenes
"diversity," "change," "continuity," "“interaction," “organization,®

"limitations" to biology,

physical sciences, and earth sciences are

provided. The major topics within eack of the ten levels are
structure and function, bioclenmical reactions, genetics and

evoiution, ecology, matter, enerqgy, force and the materials,
processes and configurations of the earth and the universe. The mador
concepts and the following science processes are used to define the
units of science: ohserving, classifying, inferrinag, predicting,
measuring, communication, interpreting data, defining, formulating
questions and hypothasis, experiaenting, and formulating models. The
nature of scientific enterprise, including the philosophy of science
and the actions of scientists, is considered along with the cultural
isplications of science in {ts asesthetic, ohilosophical, econonic,
political, and sociolecgical aspects so that curriculum bujlders can
pake appropriate choices about the conrtent of their science units,
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roreword

This Qulde to Sclence Curriculum Development has been prepared to help implement
a well-coordinated K-12 science program in Wisconsin schoots. 1t i3 hoped that the Guide
will be useful In determining the natlure of the science curriculum at all grade levels.

The project resulted from the work of a committee co.nposed of college science educa-
tors, sclentists, high schoo! sclence teachars and elementary teachers. Some of the people
on the com.nittees have had experience on writing commitiees for major curriculum proj-
ects. Others have been prominent in research in science educution. Many have been in-
strumenlai in tocal curriculum projects and all the committee mambers have been very
much involved in science education at some level.

The commiltee's elforts were directed toward the production of a framework to help
local commiltees develop a quide to sciance curriculum. Due to the arbitrary nature of the
decisions that were made in constructing this model, it I8 not intended that everycne who
uses {t should accept it verbalim. Rather, it is hoped that the Quide will be a beginning
point from which local curriculum groups will be adble to construct truly coordinated and
Integrated sclence programs,

There have been many hours devoted to the development of this Guide. The Dapariment
of Public Instruction Is deepiy grateful to the members of the commitiee for thelr efforis.

viliiam C. Kahl
State Superintendent

P
L/



Table of Contents

INtrOdUCHION ..o s 1
RAUHONAIG ... et e 2
The Nature of Curriculum Guides ..............ccccevvviiene 4
How to Use This Guide .................... e 4
Three Dimensional Curriculum Model ................ J
Usse of This Guide by Individuals ..............ccccccee 7
Preservice and Inservice Education ....................... 7
Concepts of Science ... 10
Major Concepts (first fold-out page)
VAHANS e erae e 12
SclenCe ProCeSSeS .. ..ot e 25
Process Chart (second fold-out page)
Process SeQUENCES ..............ccooicevceiererieniiiieeene 27
The Nature of the Scientific Enterprise ...................... 41
Philosophy of Science .............cc.occooieiiiiiiineen 41
Actions of the Scientist .......................cccooeee 42
The Cultural Implications of Science ....................... 45
ABSINBLIC ..o e e 48
Philosophical
BCOROMIC ..o e e
Political ..o
Sociolcgica!

Acknowledgements ... 59



»E



Introduction

Historically, sclence curriculum committees
have faced a lask that was too great in magnitude
to be properly met with the resources that were
avaliable to them. This situation was no doubt con-
sidered when the developinenl of national sclence
curriculum projects, primarity under the sponsor-
ship of the National Science Foundation, got
underway. From the titrst project to the most recent
there has been a developing lreno 10 make the
teaching ol science a student-centered activity in
which the processes of science have imporlance
comparable to the knowledge of science. Although
the results of these projects are far supetior to
those resources offered to curriculum builders in
the past, critics still claim that science education
does not relate to the lives of individuals and that
K-12 coordination is still lacking in the science
program.

A well coordinated science curricutum requires
the Integration of several aspects of science that
are not easily interrelated. The technology of sci-
ence, heavily emphasized early in the 20th century,
is slill imporant in the public schools but primar-
ily because of a knowledge of the cuftural and
social implications of technoloay rather than a
“how it works™ kind of knowledge. The philosophy
of science and its application to investigation may
teplace the emphasis upon the so-called scienlific
method as being important to the students’ total
understanding and appreciation of science. Sc¢i-

Q

ence concepts, always en.phesized, are still im-
portant to the framework around which the st 4y
of sclence may be bullt. The skills, or processus,
of science are of increasing importance in a 80-
clety where knowledge is developed at a far great-
er rate than ever before and where the responsibil-
ity for fulure learning rests with the indivictual.

This Quide to Science Currlculum Development
has been written as an essential ald to locat sci-
ence curriculum committees. 1t Is intended to pro-
vide the framework into which actual classroom
units and acliviliss can be organized while still
allowing for local option. This framewark consists
of four major aspects: 1) the conceptual structure,
2) the processes of science, 3) the nature of the
sclenlific enterprise and 4) the cultural implica-
tions of science. Tha Conceplual Structure and the
Processes of Science have been highly organized
and interrelated. Although this development I8 quite
arbitrary, it provides the mechanism by which a
sequential davelopment of the sclence curriculum
can be produced by local cutriculum commitlees.
The Nature of the Scientific Entetptise and the Cul-
tural Implicalions of Science can be applied to the
formal structure of the nther two aspects as the
curriculum developer sees fit. These two aspecls
are an overriding influence in sclence educati?%
which must be emphasized at all times in ordet
meel the responsibility ol relating science to @e}
I -e8 of indivicvals.



Rationale
. . . for a conceptual structure

The rationale for the development of a concep-
tval structure may be based largely upon the work
of tha National Sclence Teacher's Association Cur-
ricutlum Committes, which produced tha publica-
tion entitied ""Theory Into Action.” Morris H. Sha-
mos, a meraber of that Committee, steted, “To
make science education meaningful to the average
man throughout his lifetirie il must bg basad upon
ideas which have survival value -— not upcn trivia.”
He defined science as a "“continued search for first
principtes.” Joseph D. Novak, another member of
the NSTA Curriculum Committee, staled, ‘' The task
of science education becomes identification of
major generalizaiions or concepts In science and
methods of instruction most successful for impart-
ing to students an understanding and appreclation
of these concepts or intellectual achievements of
sclence.” The recognition of the importance of con-
ceptual schemes led to criticism uf the occasional
overemphasis on process at the expense of concep-
tual structure. Novak slated, ‘‘There exists today in
science curriculum projects an imrbalance of opin-
ion welghted heavily toward the pole that it is bet-
ter to identily good science attiviiies for puplils
without confounding the work of any conscious ef-
fort to plan these activities with the intent that they
may fead to understanding of specitic major con-
cepts. This point of view provides no restrictions
on the curriculum workers except that the activities
should be representative of science, a happy situ-
ation Indeed.” Shamos also criticized an aspect of
the curricutum projects: “The so called discovery
method which may be effective in guiding young-
sters to discover fuor themselves some of the sim-
pler laws ol natlure cannot possibly lead them o
the major conceptuat schemes without ptior ex-
perience.”

Such statements led the writers of The Guide to
Science Curtlculum Development to include a
conceptual framewotk that may be taught par-
aliel to the processes of science in an activity-
centered curriculum. tn producing this conceptual
slructure. imporiant concept statements wers cale-
gorized into six groups. Each group was then de-
scribed by a single word identifier and a general
statement was written to describe the content of
each group. These statements became the six con-
ceptual schemes upon which the cenceptual struc-
ture is based. The six schemes were then related
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to the threa major categories of science — biologi-
cal, physical and earth science. This two-dimen-
sional relationship resulted in the eighteen major
concepts displayed on the first fold-out page in
this publication.

. . . for the processes of sclence

Itis easy to Justily student aclivily as the means
by which sclence shouid be taught. In 1960 Paul
DeHart Hurd wrote, ''Changing conceplions of the
values anr: purposes of science teaching have
tended toward an increasing emphasls upon labo-
ratory work. The nature of the scientfic enterprise
Is found in the methods Yy which problems are at-
tacked. Therefore, moiu altention should be di-
recled toward the processes or methods of seeking
answars in the laboratory rather than putting so
much stress on firding exact answers. More lime
should he spcent by « udents in developing insight
as to how data may be processed and predictions
made from them.” Joseph J. Schwab, in "“The
Teaching of Science As Inquiry,”” made the follow-
ing statement: "in general, conversion of the labo-
ratory fiom the dogmatic to the inquiring mood is
achievad by making two changes. First, a substan-
tial part of the laboratory work is made to lead
rather than lag the classroom phase of science
teaching. Second, the merely demonstrative func-
tion of the laboratory which serves the purpose of
dogmatic curriculum is subordinated to lwo other
functions.” He goes on to explain that the two func-
tians of the laboratory are “to provide a tangible
axperience of . . . the difficulty of acquiring data”
and ""to provide occasiona for and invitations to
the conduct of miniature but exemplary ptograms
of inquiry.” These and many other statements by
qualified individuals establish the importaace of
an investigative labotatory experience for students
as the means of implemenling the science cut-
ricutum.

The Ametican Associalion for the Advantement
ol Science ptoject, “Science — A Process Ap-
proach, ' was an important resource in the devel-
opment of this Guide. The AAAS project empha-
sized the sequential development of science-re-
lated behaviors as students arivance through the
elementary science program. The October 1965 is-

sue of the AAAS Commission on Sclence Educa- "

lioh Newsletler, describad the course: “It is one
experimental approach to meet the pressing need
tor research in science education. This team effon



has, during the past three summers, brought to-
gether several hundred educators and sclentists
who have developed and testad malerials directed
toward introducing children at an early age to the
processes of sclence. The subject matter is sci-
ence of any content that is useful for the desived
emphasis. It may be biofogy, geology, astronomy,
mathematics, physics, chemistry, psychology or
any of the other many sub-branches or combina-
tions of these fields. The emphasis is not on the
subject matter itse!f but on the general elemants of
process which characterizes tho scientists’ meth-
ods of analyais.” Although the processes Identified
by the AAAS project ware valuable in identifying
the behaviors to ba included in this Guide, the
project offered no help in relating the processes to
the conceptuei structure. The fold-out page at the
veginning of the second section of this Guide indi-
cates the system by which this coordination
between concepts and processes might be accom-
plished. The arbitrary nature of the decisions that
go inlo developing such a system allows anyone
using the system to make specitic changus in the
system to suit ioca! needs.

. + « forthe nature of the scientitic enter-
prise

Inclusion of the nature of the scientitic enter-
ptrise as a major portion of the science curriculum
Is based prir.arily upon the efiorts of the Scientific
Literacy Research Center at the University of Wis-
consin. Research done at that Center has estab-
lished that scientists view their enterprise in a dif-
ferent way from the lay person. This conclusion
was formed from information gathered with a spe-
cial survey instrument entitled *'The Wisconsin In-
ventory of Sclence Processes.” The items in this
Inventory include philosophy, assumptions and
ethics of science. Information gathered from scien-
tists from many paris of the country has been used
to establish the nature of the scientific enterprise
as it is presented here. A comgarison of the re-
sponses of the scientists to the responses of high
achou! graduates indicates thal a discrepancy
exists between these two groups' understanding of
this aspect of science. This discrepancy estabd-
lishes the heed fot educating children at all levels
in the nature of science if scientific literacy is a
wotthwhila goal. Hopefully, curriculum builders will
keep in mind that the processes catried out by stu-
dents in their classroom activities difter from those
carried oul by research scienlists, even though
these activities may be somewhat related. The
Nature of the Scientilic Enterptise is presented in
the Guide in such a way that it shoutd be apparent
to cutriculum designete that there is 1o single scl-

Q

sntific method, but that many activilies can be
comblned in many ways to product sclentitic
rasults,

. . . for the cultural implications of
sclence

The relationship of science to society has been
of concern to curriculum planners as long as scl-
ence has been a part of the school program. This
concern is growing In a perlod when sclience
knowledge is being sxpanded at an increasing
rate and when the cullure of man Is Increasingly
dependent upon sciencs. Glenn T, Seaborg, Chair-
man of the United States Enargy Commlssion, said
at a meeting in Washington, D.C., in Oclober, 19686,
“The view of education not as knowledge but as
power is essential to the viability of our damocratic
government and society. While citizens of a de-
mocracy are born free, they are rnot born wise. In
o democracy it Is a missicn of the schools to make
free men wise. The only man who Is truly free to
choose is the man who kriows the choices. This mis-
slon .— together with the growing Importance of
science and technology in shaping local, national
and wirld problems -— makes it Imperative that our
schools produce both public-spitited scientists and
scientifically educated citizens.” This is an exam-
pie of references describing the need to relate the
information and processes of science to the lives of
individuals. For this reason, the Cultural Implica-
tions of Sclence are given speclal treatment in this
recominendation for organizing the science cur-
riculum,

The Culttural Implications of Sclence are devel-
oped around five general stetements. These gen-
eral statements are illustrated by events in the
history of science. Quotations from various we!l-
known people are included as direct examples.
The nartative discussion is offered to help curricu-
lum designers emphasize these Important con.
cepls in their science units. Although thase con-
ceplual statements could have been structuted as
the sclence concepts were structured, the commit.
tee decided agairst further compticating the
tramework. However, these ideas should pervade
the planning of teaching activitles.

The Guide's worth may be measured by its abil-
ity to interrelate the identified major aspects of sci-
ence. This ability depends on the effectiveness of
this publication in cemmunicating the imporiance
of coordination. It also depends on the ability of
school districts to implement the Ideas presented.

hete. The Guide to Sclence Curriculum Develop. /

ment has been written to provide an organizati
of ideas to locat curriculum committees ot othir Vs
groups ot individuals responsible for developing



actual teaching programs in enough delail to di-
rect the day by day activities of the science teach-
or. it is intended thal the organization presented
here may be applied to all levels of the school pro-
gram. Admittedly, at the upper end of the curricu-
lum there will he definite proolems in coordinaling

Nature of Curricvlum Guides

The usual scienca curriculum guide containe a
desctiption of the subject matter 1o be taught in
the school syslem during some definile period of
fime along with suggested teaching-learning ac-
livitles. In addition, & lis? of instructional materia's,
special references and other relevant information
of halp to teachers is usually included. Such
guides are usually concerned with ihe leaching of
science over several years' time in the school pro-
gram, and ideally they cover lhe whoie span from
kindergarten through grade twelve. Almost always
the leaching program for given grades is organize”!
into uniis which are intended lo be taught accord-
ing to detaved suggestions. Each unit guide sug-
gests the content o be studied and one or more
waye in which 1his content may bc organized. The
desired cognitive, alfeclive and psychomotor learn-
ing oulcomes are listed along with the suggested
actlvilles and evaluative procedures. These cur-
ticulum guides usually consist of general stale:

How %o Use This Guide

This Guide to Science Curticulum Development
shauld nol be confused with the detailed local cur-
riculum Quide. 1t has been ptepared on the broad-
est possible scale In order to provide an interre-
lated organization of the Conceptual Struclute, the
Processes of Science, the Nature of the Scientific
Erterprise and the Cullural Implications of Sci-
ence. This kind of guide is refetred to as a frame-
work because of the broad nature of its organiza-
licn. 11 is the tesponsibility of the local commiltee
to build lhe detaits of the cutricutum steucture. To
provide fot the best possible program for eath
school district, curriculum development must con-
tinue to esi on respunsidle local leadership.

Q
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instru_.ion of the specia: science areas. However,
ever al these uppet lavels, specialized courses can
be organized according to this Guide to coordi-
nate the special senior high schoo! courses and
the science instruction that preceded them.

ments concerning the ovarail plan for relating each
teacher’s work 1o the total school program. They
suggest ways of develeping various toplcs with
greater depih and diversily than an individual with
limited resources could normally plan.

Those who use the guides seldom find lhem
ready-made teaching pians. Sinca the peculiarities
of individual children, lke makeup of classes and
the personalities and abilities of teachers cannol
be anliclpated by the authors of such g'ides, the
developmenl of aclual teaching plans s left 10 the
teacher. It is the responsibilily of individual teach-
ers 10 use an accepted guide as intended in order
1o provide for the necessary coordination between
lha differant levels of the proaram. The teacher is
oxpected to ba resourceful and creative in intes-
preting the contents of the guide and 10 constantly
evaluale the elfectiveness of the guide with possi-
ble revisions in mind.

Although & detailed description of the intended
application of a patticular aspect of science to the
overall cuiriculum is included in each of the four
major sections of this Guide, an undetsianding of
the curriculum model thal was used 1o develop
these idecas is imporlant. The Conceplual Struclure
and the Processes of Science have been struc-
tured and interrelaled in order to provide the nec-

essaty otganitation. The Conceplual Structuté ~

counsists of six conceplual schemes which, when
applied to the three major tategoties of science
are expanded 10 form the eighteen conceplua
slatements disprayed on the first fold-out page in
the Guide. These major concepls have been care-




fully develop=3 through ten levels of variants or
sub-conuepts. Each level of variant is, according
to the major concepis, made up of eighten sub-
concepts. The variants are designed to lead the
student through a sequential series of understand-
ings which will eventually approach understancing
of the major ccncept and, finally, the broad con-
ceptual scheme. The varfant fevels are in no way
to be contused with grade levels because in an
early elementary program the rate at which con-
cepts can be developed in the minds of children is
much slower than the rate at which they can be
developed in incre mature students when in-
creased time Is devoted tu teaching science. Each
ievel of variants may be represented as one face
of a rectangular solid as indicated in the figure on
the following page. If the processes of science are
applied a¢ a third dimension to the two-dimension-
al array of conceptual statements, the rectangular
solid wili resuit. As can be seen from the figure,
each of the small blocks formed will represent a
process of science as applied to one of the con-
cepts of science within cne of the major cate-
gories of science. These blocks represent units of
study in the science program.

On first consiaration this organization seems
quite simple. But upon further inspection it is ap-
parent that some of the blocks do not represent an
organization of processes and concepts which ¢an
be logicclly developed into teaching units. How-
ever, since there are eleven processes which can
be applied to eighteen sub-concepts at any of the
ten levels, there will be a total of 198 blocks repre-
sented in the complete rectangular solid for any
one level. It is here that the local committee can
decide what actual instructional units will be de-
signed. The local committee must also decide
what teaching units will be developed In what
grades and how continuily can best be provided
from one grade level {0 the next. In determining the
application of the Processes to the Concepts, the
process sequences should be used and the rela-
tionshlp of the processes to the various levels as
Indicated on the second fold-out pageé should be
considered.

Because this three-dimensional mode! Is already
quite complex, no structure of the Nature of the
Sclentitic Enterprise or the Cultural implicatlons
of Science has been developed. Since these as-
pects of the science curriculum are conceptual in
nature, structures could be provided. However, this
would multiply the complexity and make the over-
all organization less apparent {o teachers and stu-
dents. For this reason the responsibility for appro-

priately including these important concepts in the
blocks of the rectangular solid is left with the local
curriculum committee. These ideas shculd not be
underemphasized — they are very important to the
overall objectives of science education. Here more
than anywhere else, difficulty may occur in at-
templing to effectively implement the science cur-
riculum,

In curriculum Jdevelopment at the local level, a
variety of questions must be answered before the
final form of the curriculum can b2 determined.
These questions should be carefully listed and an-
swered before proceeding with the details of the
curriculum structure. The following are examples
of questions which may be considered:
¢ What are the resources in personnel, time,

money, equipment and facilities which may be

allocated to the development and implementa-
tion of a new science curriculum?

® Should science be taught as a specialized serles

- of courses or should it be integrated into one
continuous program?

¢ Should science be taught in the elementary
school by specially trained teachers or should it
be taught only in the self-contained classroom?

e |s the K-12 coordinated science curriculum of
enough importance to warrant re-training teach-
ers and re-equipping the schools?

¢ How much emphasis can logically be put izpon
science at the various levels in the school pro-
gram?

@ Can a commitment be made to continue working
on the curriculum until it is implemented and
can a further commitment be made to continu-
ally work at revising the curriculum?

¢ What is the relevance of science education to
children, teachers, administrators and parents
in the local school district?

e How can balance be provided between the four
major aspects of the science curriculum?

e How can provision ne made for coordinating tha
sclence curriculum from the elementary program
to the Junior high schoo! program to the senior
high schoo! program?

These and many more questions are important
to declsion making, a major part of curriculum de-
velopment, If such questions go unanswered, a
committee's attempts will be stalled. However,
once the questions are answered and a priority for
activities established, work may begin and con-
tinue over as long a period as necessary to gradu-
ally and efficlently bring about the kind of science
teaching program desired for many years by sci-
ence educators.
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Use of This Guide by Individuals

The curriculum recommendations offered In this
Guide may have value to individuals not directly
involved In curriculum development. Since many
teachers at both the elementary and secondary
levels are in districts that do not have a well-de-
veloped scionce curriculum, individual teachers
may find this curriculum model helpfui in evalu-
ating thelr science teaching. The individual might
carry out the foliowing kinds of activities related
to the Guide
® Use the Guide to evaluate his own understand-

ing of science.

» Use the Guide to determine whether or not he Is
presenting a well-balanced teaching program in
terms of the four major aspects of sclence

¢ Use the Guide : 5 a framework for planning and
organizing his own teaching units within his
area of respor ;ibility in the science curriculum

¢ Use the Gu 3 to evaluate his own teaching
metheds related to student-centered activities

Preservice and Inservice Education

Because this Guide does not necessarily foilow
the kind of sclence teaching program in existence
in many schoo! districts, there may be a dliscrep-
ancy between the knowledge and abillity of teach-
ers presently working in the field and those needed
In the future to implement this kind of curricuium
model. To help solve this problem, tho Guide to
Sclence Curriculum Development can be used in
preparing activities for the preservice and inserv-
ice education of science teachers. Actlvities such
as the following might be used in such programs:
o Survey the Gulde in order to establish the nature
of the curriculum model which Is presented
¢ Define and clarify the meaning of science in the
school program and establish objectives for
teaching science

o Evaluate conceptual schemes as a means for
providing vertical organization in a science cur-
riculum; in particular, evaluate the six concep-
tual schemes presented in the Guide

e Relate the processes of science, as they are
presented, to actual teaching methods.

o Develop strategles for arriving at concepts
through application of the processes

& Work with teachers to help them evaluate their
own understanding of the conceptual schemes
and related concepts

ERIC
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® Use the process sequences of the Guide to es-
tablish behavioral objectives for laboratory ac-
tivities

® Use the Guide to develop tests for evaluating
achievement in the major aspects of science

¢ Use the Guide to evaluate appropriateness and
effectiveness of teaching materials presently be-
ing used or being considered for use

¢ Use the Guide to devise means of individualizing
instruction

® Use the Guide as a means of influencing other
teachers to work toward a coordinated science
program
Although these and oher activities can be car-

ried out by individual teachers making use of the

Guide, it is not recommended that individuals at-

tempt to bring about curriculum change by them-

selves. Hopefully, this Guide will influen.e teachers

on a district-wide basis to consider the problems

they face in science educatlon and to work co-

operatively in solving them.

® Provide opportunities for teachers to develop
their own process skills by actually doing labo-
ratory activities related to the Gulde

¢ Evaluate teachers' understanding of the nature
of the scientific enterprise and provide instruc-
tion where improvement Is needed

¢ Establish the Importance of the cultural implica-
tions of science to the actual process of teach-
ing sclence

¢ Use the curriculum mode! as presented in the
Gu ue to develop praototype units involving the
four major aspects

® Develop a series of units in which a major con-
cept is developed through several levels

¢ Develop units which provide for the investiga-
tion of the major categories of sclence
Efforts in preservice and inservice education

should be related to the best current practices in

education. Teachers must have knowledge of the

nalure of the learner at different age levels and be

able to apply tiis knowledge to the teaching proc-

ess. Overall, the teacher must bs made aware of _

his correct role in the classroom and in the total

school program. He must rlso realize the student’s
role as an active participant in ali aclivities if ef-
fective learning is to be accomplished.
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Major Concepts

Biologlcal

Physical

Earth

Diversity

Living things live in a diversity of
forms and environments. Various
structural, functional and behav-
:ora! patterns have been identi-
fed.

Matter and energy exist in many
forms and combinations which
exhiblt a varlety of properties,
All forms of malter have some
properties in common.

The earth and other bodles of
the universe axhibi, a variety of
form, composltion and organl-
zation of matter and energy.

Change

Organisms change through time.
New species arise and others be-
come exliinct through interaction
of genetic and environmental
factors. As a result of these
changes, organisms may be
adapted to their environments.

Changes in the organization of
matter are accompanied by en-
ergy changes. Such changes re-
suit from the application of
forces.

The earth, planets, stars and oth-
er bodies of the uriiverse change
continuously within themselves
and in their relationships with
other bodies.

Continu

ity

The characteristics of living
things are transmitted from gen-
eration to generation through a
‘““genetic code” by either the fu-
slon of specific cells or the divi-
slon of cells.

The physical quantities used to
describe matter and energy and
their relationships exhibit con-
stancy. These quantities may be
used in understanding and pre-
dicting natural processes.

Evidence of change In the uni-
verse and observation of the
present characteristics of the
universe may be used in inter-
preting its past and predicting
its future.

interaction

Living things and the parts of
living things interact with their
environments. The environment
consists of both living and non-
living matter and may be exter-
nal or internal to the organism.

The int¢ractions of matter result
in electro-magnetic, gravitational
and nuclear forces. Energy may
be transmitted through the ap-
plication of these forces.

There are interactions between
the bodies in the universe anc
their structural units wiich pro-
duce exchanges and inter-
changes of matter and energy.

Organization

Complementarity exists between
the structure and the function of
an organism or its parts — mole-
cules, cells, tissues and organs.

Matter exists as units which may
be classified into hierarchies of
organizational levels.

The earth is part of a universe
which is organized into a com-
plex of dynamic matter - energy
systems.

Limitation

The behavior of an organism is
limited by the environmental
conditions it requires and by its
particular heredity. Interactions
within the biosphere are limited
by the energy available.

The generat and special proper-
ties of matter limit its interac-
tions. In matter - energy changes
there is a tendency toward equi-
librium with random distribution
of energy.

The nature of the earlh and the
universe s consistent with the
nature of matter and energy. Pro-
gressive changes in the bodies
of the universe reflect the tend-
ency toward equilibrium.

.
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Concepts of Science

Science is an aclivity which has as ils goal the
formulation and understanding of a compiete
model of the universe. This goal will probably
never be reached, but as long as the activity con-
tinues the existing model will continue to be ex-
panded and refined to include new observations.
It will no doubt grow in sophistication, but prob-
ably not in complexity, since simplicity is one of
the criteria accepted by scientists in their efforts
to describe a systematic universe.

Attempting to undeistand interrelationships in
one's environment is a primary aclivity of the hu-
man mind. Therefore, the conceptual model of the
universe as developed by scientists has a certain
importance for all students regardless of their mo-
tivations and regardless of the limitations placed
upon their view of the universe.

Actually, it is not justifiable to say that scientists
have developed a recognizable mode! of the uni-
verse. No one persan, or group of people, has been
able to take all of the concepts which have reason-
able credibility and fit them into a single ¢concep-
tual structure which is completely satisfactory to

O
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everyone. Since knowledge of the nature of the
universe is developed a little at a time with no way
of identifying a special niche for each new con-
cept, it becomes the task of the science student to
fit accepted concepts into the conceptual struc-
ture that is most satistactory to him. This does not
mean that the conceptual model is complete'y ar-
bitrary; it does mean that equally valid attempis to
describe the conceptual structure of science might
be quite different.

In order to provide science curriculum writers
with a framework within which science learning
experiences can be developed, a structure of sci-
ence concepts has been produced. This structure
should be regarded as being versatile enough to
permit change to meet special requirements with-
out losing its overall organization.

The organization of the framework is based upon
six major conceptual schemes. For purposes ot~
simplification and easy reference, each of these/,
schemes has been assigned a one word identifigr
which will be used in referring to the total idea. 1_,



Diversity — The vast number of naturai phenom-
ena whch can be observed display a wide variety
of similarities and differences.

Change -— Our environment, living and nonliv-
ing, microscopic and macroscopic, is constant-
ly undergoing change.

Continully — There is constancy in cause-and-
effect relationships which precludes any abrupt
reversal in natural phenornena

Interactlon — The interactions of matter in an
environment and the resulting exchange of en-
ergy determine the nature of the environment.

Organization— Systematic retationships exlst in
natural phenomena. Systems within systems
comprise the universe,

Limitation — Natural phenomena are limited by
the fundamental nature of matter and energy.
There is an overall tendency toward random dis-
tribution of energy and a corresponding tend-
ency toward equilibrium in an environment.

Because of the traditional breakdown of science
into special categories, the six major conceptual
schemes have been stated in terms of blological
sclence, physical science and earth sclence. The
resulting eighteen major concepts are displayed
on the foid-out page. These statements will have
primary importance to those who will use this
structure to develop teaching units. Alf of the con-
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cept vatiants on the following pages are Intended
to lead to the development of the major concepts
which in turn will contribute to the major concep-
tual schemes. It is l.aportant in the utilization of
this framework that this relationship of ideas be
kept in mind at all times.

Those who are Interested in making content
comparisons with other science curriculum mate-
rials will find an emphasis on certaln important
topics. In blological sclence special attention is
given to structure and function, blochemical reac-
tions, genetics and evolution and ecology. In phys-
ical science malter, eniergy and force are major
topics. Earth science is structured around the
earth and the universe and emphasizes materlals,
processes and configuration. Throughout all three
sclence areas there Is Indirect and direct refer-
ence to the particle nature of matter.

The ten levels for which the variants are ex-
pressed are an attempt to provide examples of the
major concepts at different levels ¢f sophistica-
tion. The number ten is arbitrary. These fevels are
not to be compared to grades or years. In present-
ing the processes of science "Level O" Is added
to indicate that this aspect of science education
can logically begin in the elementary grades be-
fore an emphasis is placed upon concept develop-
ment. It is entirely possibie that one concept level
may provide the content for two grades as they
are usually recognized. it is equally possible that
in grades where more time is devoted to science,
a single grade or year might be devoted to more
than one concept level. Local decislons must de-
termine how extensively sclence will be pursued
at a given grade level.



LEVEL |
CONCEPT VARIANTS

Blological

Physical

Earth

Diversit

Living things are either plant or
animal. They differ in structure,
in function and in habitat.

Matter is described in terms of
its properties, which can be de-
tected with the senses. Through
comparison of these propertles,
similarities and differences in
matter can be discovered.

There is variety In the natural
materials of the earth. There ara
identifiable similarities and dif-
ferences in these materials.

Change

The appearance and activities of
living things vary with the sea-
sons.

Changes in the speed or direc-
tion of motion of matter result
only from the application of
forces.

Wind and water are agenis of
change which act on the earth’s
surtace.

Continu

ity

Living things reproduce their
own kind.

Malter can be changed in posi-
tion, motion, shape and other
conditions and stiil retain its
identity. Such changes do nol
change the quantity of matter.

Events on earth often occur with
dependable regularity. Day and
night and the seasons occur now
as they have for centuries.

Interact

ion

Green plants use energy from
the sun, water and air from their
surroundings to produce food.
Animals get food from plants or
from other animals.

Force is the result of the inter-
action of matter. Force is only
detected by the effects it has on
matter.

Without energy from the sun, the
earth would become a cold,
dark, lifeless body.

77
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Organization

Like or similar living things tend
to live In similar surroundings.

Most observable substances
exist as aggregates of different
forms and kinds of matter.

The earth’s surface is made up
of the atmosphere, the seas and
the solid land. The atmnsphere
has no cefinite outer boundary.

Limitation

The ability of living things to
adapt to changes in their envi-
ronment is very limited.

The position and motion of mat-
ter on earth are always affected
by the force due to gravitation.

The earth and other observablé*
bodies in the universe are ap-
proximately spherlcal.

PR
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LEVEL 11
CONGEPT VARIANTS

Blological

Physical

Earth

Diversity

Living things are interrelated
with the living and non - living
factors in their environment.
Each has specific environmental
requirements in which It survives
best.

When energy is added to or tak-
en from matter, some of the prop-
erties of the matier are changed.
Energy can be detected by the
senses only as a result of
changes in matter.

There are differences and simi-
larities in the form and composi-
tion of the earth, moon and sun,

Change

As living things grow and age
they change in form and activity.
Some also change in habitat.

Whenever a force acts on an ob-
Ject to change Its position or imo-
tion, energy is exchanged.

The earth, moon and sun are
continuously changing position
with respect to each other. No
one of these three bodies can be
considered to be at rest with re-
spect to the other two.

Continu

ity

Living things exhibit behaviors
which are hereditary.

Energy is related to malier In
many ways. The total amount of
energy remains unchanged in
changing from one relationship
to another.

The motion of the earth and
moon are predictable. The rela-
tive positions of the earth, moon
and sun may be delermined for
any future time.

Iﬁteraction

Similar physical environments
result in similar biolegical com-
munities.

Many forces may act upon an ob-
ject at the same time. However,
all of the forces combirne to pro-
duce only one effect as though
only one force were acting.

Observation of apparent relative
motions of other bodies may be
used to Interpret the motions of
the earth.

Organiz

ation

The processes by which plants
and animals live can often be In-
ferred from observing thelr ex-
ternal structures.

The properties of a material de-
pend on the properties and or-
ganization of the constituent
parts of the materlial.

..1

The earth's crust is composed of
a few basic materials organized
in many ways.

Limitation

Oxygen and water are essentlal
to most known forms of life.

An object moving through its en-
vironment tends to glve up en-
ergy to its surroundings until it
comes to rest.

The bodies of the sofar system]
have nearly constant motion.

C
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LEVEL I
CONGEPT VARIANTS

Biological

Physlical

Earth

Diversity

Living things are speclally adapt-
ed to their environment. There
are varying degrees of speciali-
zation of structures for particular
tunctions.

Matter may be classified accord-
Ing to exhibited propeities under
a given set of conditions.

Geologic ieatures with similar
forms anc composition are as-
sumed to have similar histories.

Change

When physical environments
change, those species which can
no longer fulfill their needs be-
come extinct in that environ-
ment.

When the forces applied to mat-
ter are changed, some of the
properties of the matter may be
changed.

Major changes In the earth's
crust usually occur over long pe-
riods of time, but occasioral vio-
lent changes occur in short time
intervals.

Continuity

The process of reproduction is
primary among the processes in
which all living things are in-
volved.

There are general properties
which describe all matter. There
are other special properties
which identify kinds of matter.
The sama kinds of matter are
found throughout time and
space.

Natural changes in the composi-
tion and structure of the mate-
rfals of the earth occur very
slowly.

Interaction

Organisms are found living to-
gether in relationships which are
mutually beneficial, mutually de-
rimental or beneficial to one at
the expense of the other.

Forces result from apparent di-
rect contact of matter or from in-
teraction of matter through a dis-
tance. Forces have magnitude
and direction.

The structure of the materials of
the earth are determined by the
conditions under which the mate-
rials exist. Structure changes as
conditions change.

Organization

Living things exist within eco-
systems in which each Is adapt-
ed to its living and non-tiving en-
virons.

Many forms of solid matter have
a crystaline structure. The shape
of a crystal is characteristic of
the matter of which it is com-
posed.

The varied distribution of the
natural materials of the earth de-
termines the characteristics of
the earth's surface.

Limitation

The activities of living things are
directed toward a very few baslc
life processes.

Special properties of matter are
limited by the conditions to
which matter is subjected.

The properties of earth materials
are determined by the nature gf
the materials and the condltlo;@
under which the materials 16
formed. L
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LEVEL IV
CONCEPT VARIANTS

Blological

Physical

Earth

Diversity

Many systems could be devel-
oped for classifying plants and
animals. A system based upon
structure and function is the ac-
cepted classificational system,

Energy added to matter may
cause a temperature increase,
The increase for a given amounl
of energy |s dependent upon the
amount and kind of matter.

Climate depends upon latitude
and topographic features.

Change

Living things have changed in
form, appearance and complex-
ity over time. New characteristics
are due lo genetic accldents.

Changes in the molion of par-
ticles within a body of matter
are indicaied by temperatura
changes. The temperature of
matlter can change if energy is
exchanged between matler and
its environment,

The short term cyclic changes
on the earth are primarily due to
changes in the relalive positions
of the earth, moon and sun.

Continuity

Cells, the living units in ali life
forms, contain the gonetic sub-
stance that carries tnherited
traits from one generation to the
next.

Energy tends to move from a re-
gion of higher lemperature to a
region of iower temperature.

‘Tho fossil record provides clues
to the secuence of events in the
geologic history of the earth.

interaction

Blological communities tend to-
ward a balanced condition. Thig
balarce ¢an be shifted by the in-
troduction ol new specles, Lthe
disappearance of old species or
a change in the non-llving en-
vironment,

Matter attracts matter. When only
two objecls are involved, the
force of attraction acts with
equal rnagnitude on both objects
along a line between thelr cen-
ters.

The topography of the earth's
cru3t Is the result of the interac-
tion of the atmosphere, the hy-
drosphere and the lithospherea.

Organization

The parts of plants and animals
are dependent on other parts
and can neither function nor
exist alone,

Matter niay be described in
terms of parlicles and energy.

The earth and other olanets
move around the sun. The moon
moves around the earth.

Limitation

The activity of any organism is
limited by its inherited character-
istics.

An object placed in a new on-
vironment will exchange heat un-
1il it reaches the point where it Is
gaining energy at the same rate
that it is losing energy. Al this
point its lemperature will be the
same as ils sutroundings.

The hydrologic cycle results in
a never ending erosion of the
earth's surface.
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LEVEL V
CONCEPT VARIANTS

Biologlcal

Physical

Earth

Diversity

There are many ways in which
planls and animals reproduce
their own kind. All of these re-
productive processes may be
classified as either saxual or
asexual.

Most matier may be classified as
solid, liquid or gas. Some forms
do not clearly fit any of these
calegories.

Form and composition are indi-
cations of the environment in
which minerais were formed. Un-
der different conditions the same
materials may fcrm different min-
erals.

Change

If a new inheritable character-
islic appears which has adeptive
value, the chances of survival of
the species improves.

In a change of phase energy Is
gained or lost by matter without
a corresponding change in tem-
perature.

Gravity, energy from the sun and
diastrophisim are primary factors
causiny it.e earth's surface to
change.

Continuity

Reproduction may occut by a va-
riety of asexual means. When re-
production is asexual, the oll-
spring resembles the parent very
closely.

In a simiple change of phase
there is n0 change in tha amount
of matier present.

Composition, structure, orienta.
ilon and relationships between
strata of rocks can be used 10 in-
terpret the earth’s history.

Interaction

Competition for dominance in a
biological community results in a
climax communitly which suc-
ceeds all others and is most
staple.

The amount of matter in any giv-
en unit can bu determined by
measuring the force of altraction
between that unit and the eartn.

The atmosphere is always mov-
ing. Gains and losses in heat
cause locel vertical movement.
Rotation of the earth causes
tnassive horizontal movement,

Organization

Organisms may vary from simple
to complex. Complexity is a mat-
ter of degree of specialization
and interrelation of the parts of
the organism.

The phase in which matter exists
depends upon the structure of
'he matier and the energy of the
individual particles.

The earth and other planets
move in the same direction
around the sun in roughly the
same plane.

Limitation

The physical envircnment limits
the life forms which can exist
wiihin it

The phase of a given material is
determined by the lemperalute
and pressute of its surroundings.
In a given environmeni a mate-
rial can have only one stable
phage.

The period of revolution of the
planetls varies direclly with th
distance from the sun

2N
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LEVEL V!
CONCEPT VARIANTS

Blological

Physical

Earth

Diversity All plants may be put into two

subdivisions: those which have
flowers and those which do not.
All animals may be put into two
subdivisions: those which have
dorsal spinal cords and those
which do not. These subdivisions
are convenient but arbitrary.

Although energy appears in
many forms, it must always exist
as energy due to the position of
matter in a force field, as energy
due to moticn of malter or as
radiant ene.gy.

The atmosphere, lithosphere and
hydrosphere have no exact
boundaries. The properlies of
matter within these categories
vary widely.

Change

Evolution is the resuit of chance
changes In the inherited charac-
teristics of an individual of a spe-
ctes which makes the individuai
better able to adapt to a chang-
ing environment than was the
parent or Its predecessor.

Changes in the position and mo-
tion of particles of all sizes which
bring about different relation-
sh.ps between particles without
changing the composition of
matter are called physical
changes.

Many earth changes are repeat-
ed periodically in cycles. Other
changes occur without regularity
and are oflen irreversible.

Continu

ity

Sexual reproduction requires the
union of lwo special celis called
gameles. Usually the gametes
are produced by separate par-
ents.

When radiant energy is absorbed
by matter or when energy radi-
ates from matter, the amount of
energy before and after the
change is the same.

The events of the ice ages have
been inferred from geological
features produced at that time
which are the same as features
being produced by giaclers in
the present era.

Interact

lon

The internal organs of cc:aplex
plants and animals have specific
functions. The functloning of
each organ affects and is alfect-
ed by the functioning of other
organs.

Force is necessaty to change
either the speed or direction o' a
moving object.

At high latitudes, the amount of
energy available Is the primary
factor in determining climate. At
mid-latitude, the amount of wa-
ter available is the primary fac-
tor in determining climate.

Organlz

ation

Survival of living organisms is
dependent upon the comple-
mentary functioning of their
organs.

Gases, liquids and most solids
appear (0 be conlinuous, but the
nature of interactions of matter
indicates that all matter consists
of discrete particles.

Energy and matter tend to be
concentrated in the same spaces
in the universe.

Limitation

Growth, activity and even surviv-
al of living things are limited by
the avaitabilily of energy.

The rate at which energy can be
exchanged between a glven
mass and its environnient ie lim-
ited by the special properties of
the mass.

The earth receives energy froc |
space at nearly the same rate
that il loses energy to space.
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LE.cL Vil
CONCEPT VARIANTS

Biologlcal

Physlcal

Earth

Diversity

In spite of the great variation in
living things, all plants and ani-
mals carry out the processes of
respiration, excretion and repro-
duction.

Elements are the simplest forms
of matter. Elements can be com-
bined into more complex forms
of matter which can again be
broken down into tha same basic
elements.

The same chemical elements
found on earth are found in vary-
ing proportion throughout the
universe.

Change

All forms of life show charac-
teristics which are common to
other forms. "his evidence Indi-
cates that large groups of life
forms have common ancestral
backgrounds.

Changes which take place be-
tween particles within molecules
or within crystals of matter are
called chemical changes. Chemi-
cal changes always involve en-
ergy exchange.

The sun is constantly uidergoing
violent changes which affect the
earth and other planets. Some of
these changes are periodic.

Continulty

Characteristic trai's are inherit-
ed by olfspring {:cm the parent
generation in definite predictable
patterns.

in chemical changes matter and
energy are conserved. In addi-
tion, the number of atoms of
each element involved remiins
the same.

Evidence indicates that aithough
the earth's magnetic and gravi-
tational fields have fluctuated,
they have always been present.

Interaction

In sexual reproduclion the gene-
tic characteristics of one parent
may dominate those of the other.

Electrostatic and magnelic
forces, like gravitational force,
acl as force fields. Unlike gravi-
tational force, these forces can
repel as well as attract.

The earth and moon move lo-
gether as a balanced mechanical
system. This same kind of system
in more or less complex rela-
t'anghips accounts for motion
throughout the universe.

Organization

Molecules, cells and tissues are
constantly replaced in living
things without changing the
characteristics of the organisms.

The organization of the particles
witihin atoms, molecules and
cryslals determines the special
properties of matler.

The solar system is made up of
the sun, the planets, satellites
and other bodies moving with
periodic motion in a balanced
system.

Limitation

Simple behavior is the result of
the ability of organs to function
or not function under a given sel
of conditions.

Spontaneous chemical reactions
release energy into the environ-
ment. Such reactions r.an only be
reversed by application of an ex-
ternat supply of energy.

The limitations on the interac.
tions of matter and energy which
apply on earth also are assumed
10 apply throughout the universt
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LEVEL VIl
CONCEPT VARIANTS

Blological

Physical

Earth

Diversity

Plants and animals which differ
greatly in external appearance
and behavior may have similar
structure and functions of their
internal organs.

All matter has electrical proper-
ties. The distribution of charges
and the ability to cunduct charge
are important special properties
of matter.

Although the motions of the
bodies of the universe are va-
ried, they are usually systeinatic
and predictable.

Change

The direction of evolutionary
change is influenced by the
physical as well as the biological
environment. The nature of the
environment and the changes
within it act to select the Individ-
val which will survive,

Aggregates of matter are usually
electrically neutral. In order to
cause an electrical imbalance,
electrical forces must be applied
and energy absorbed.

The distribution of matter and
energy on earth as well as in the
enlire universe Is conslantly
changing.

Continuity

Paired chromosomes in normal
cellz have corresponding genes
which delermine inherited char-
acteriistics. One or more pairs of
genes which occur in each cell
determine each trait of the or-
ganisny.

In all energy-matter interactions
the total amount of electrical
charge is conserved.

The general molions of the solar
system and many of the charac-
teristics of the planets have re-
mained unchanged sir.ce the ori-
Qin of the solar system.

Interaction

In a multicellular organism there
is interaction belween the cells
which is mutually beneficial to
the cells and to the enlite orga-
nism,

Chemical changes are the resuil
of electrostatic forces acting up-
on the electrically charged par-
ticles within atoms and mole-
cules. Energy is exchanged
when particles move due lo
these forces.

The solar system is character-
ized by systematic and interre-
lated motions. Any interruption
of this system would be followed
by readjustment 10 bring about a
new balance.

Organization

Specialized cells in living things
are modified o perform special
funclions.

Matter is composed of particles
with uniform electrical charges.
Externally the forces due to
these charges are not usually
noliced, bul Internally these
forces determine the structure of
matler.

The mechanics of the solat sys-
tem may be explained by mathe-
matical quantities.

.imitation

Carbohydrates produced by pho-
tosynthesis In green plants are
directly or indireclly the source
of enetgy for all living things.

Electrica charges can only
move from one point 1o another
when lhe difletence of polential
between the points is adequale
to overcome the resistance. In
this change the charges 1ose en-
etrgy to theit sutroundings.

All bodies in the universe react
to gravitational attraction. The
nature of gravitational fields de-1
termines paths of objects moviqf
within them.
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LEVEL IX
CONCEPT VARIANTS

Eilological

Physical

Earth

Diversity

ANl of the cells of an individual
organism have the same basic
components. Cells mav also
have special structures which
are adapted to the functions
which the cell performs.

The effects caused by radiant
energy are dependent upon wave
length.

All stars have some common fea-
tures, but differ in mass, volume,
luminosity, stablility and other
features.

Change

When an individuel develops
characteristics which differ from
its parent generation, the change
is due to a difference in the
chemical composition of the
genetic substance of the cells.

The wave length of radiant en-
ergy can be changed by chang-
ing the densily of the medium
through which the energy
passes. The frequency of radiant
energy can only be changes if it
is absorbed by matter and re-ra-
diated.

The energy emitled by the sun,
as well as by other stars, is a
product of nuclear changes
which are taking place,

Continuity

Probabitity can be used to pre-
dict patterns of heredity.

Momentum, which depends upon
both mass and velocity, is con-
served in any physical inlerac-
tion of matter.

Interaction

Chemical activity within a cell is
allecled by the internal and ex-
ternal environment of the cell.

A given mass can only lose of
gain momenlum by interacting
with other masses.

The enargy oulput of the sun is
continuous with only m.nor vari-
ation In intensity.

Evidence Indicates that gravity
and radiation pressure act to-
gether to cause inlerstellar mat-
ter 10 condenso into star sys-
tems.

Organlzation

Chemicatl reactions in living
things are conlrolied by enzymes
produced in specific cells or tis-
sues.

The organizalion of electrically
charged particles in any kind of
matter determines the ability of
that malter to emit and absorb
radiant energy.

The Milky Way Galaxy is a com-
plex of interretated star systems
in varying stages of steltar evo-
lution.

Limlitation

All celis in an organism have the
same inheritance factors. Spe-
cialization is due to chemical
limiting of some of these factors.

The velocity of radiant energy In
a vatuum is the upper limit ol
relativistic velocity in the physi-
cal universe.

The luminosity and color of a}
slar are dependent upon its tems>4 ~
z e

petralure.
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LEVEL X
CONGEPT VARIANTS

Blological

Physical

Earth

Diversity pitterences In the Internal and

external characleristics of plants
and animals are recorded in the
chemlical composition of the ge-
nelic material of cells. This
unique composition is passed on
to ofispring in reproduction.

Most of the physical characteris-
tics of matler can be explained
in terms of forces of attraction
and repulsion acting upon basic
particles and in terms of energy
per parlicte.

The galaxies of the universe ex-
hibit a varlety of lorms, composi-
tions and organizations,

Change

Characteristic changes during
the life cycle of an organism are
due to changes In the production
of enzymes within the special-
ized cells of the organism.

Most naturally occurring changes
involve 8o many cause and ef-
fect relationships thal they can
only be predicted on a statistical
basis.

Stars and galaxles evolve
through a series of stages which
are irreversible.

Continu

ity

A homeoslatic state exists with-
in \he systems and sub-systems
of any successiul organism.

In nuclear interactions ¢hanges
may occur In which the amount
of energy or maiter may vary, but
the sum of both remains the
same. In such nuclear reactions
the number of nucleons remains
unchanged.

Although the exact nature of the
universe cannot be determined,
present evidence indicates thal
the universe is syslematic.

interact

ion

The characteristics of an orga-
nism are determined by a com-
ptex system of chemical checks
and balances within specialized
cells.

Gravitational, electrostatic, mag-
netic and nuclear forces are due
to interaction of matter within
fields of influence which exlsl
around masses. electric charges,
magnetic poles or nucleons.

The observation that all galaxles
are moving away from the Milky
Way al velocilios proportional to
theit distances trom it indlcates
that all galaxies in the universe
may be inlerrelated.

Organization

The synihesis of protein material
in living lissue is controlled by
chemical compounds which dic-
late the amino acid patlerns
which can occur.

Under certain conditions matter
and energy will exhibit both par-
ticle and wave characteristics.

Mafter in the universe exists In a
hierarchy of organizational sys-
tems from atoms to galaxies.

Limitation

Behavior is limited by environ-
mental conditioning.

The larger nuclei tend to be un-
stable and therefore radicactive.
Natural radioactivity limits the
maximum size of the nuclei and
therefore limits the numbder of
naturally occurring elements.

Observalions of the universe ate
limited by the distances separa-
rating stars and galaxies and by
the maximum relativistic velocity.
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Concept Learning in Science

Cencepts have been cited as the products of
scientific processes, as the basis for further scienti-
fic studies, and at times as the knowledge that is
applied by the technologist. Concepts in and of sci-
ence, according to some educators, are to be the
desired outcomes of science instruction.

Concepts are Important not only because they
are the warp and woof of science, but also because
they provide the possesssor with a means of cop-
ing with the development of knowledge in the fu-
ture.

Miiton O. Pella, The Science Teacher,
Necember, 1966.
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Science Processes

Science concepls are man- made. They result
from man's allempt to categorize, correlate and
explain his observaiions of his physicel and bio-
loglcal environments. Each concept must be re-
garded as a tentalive statemenl, useful lo the
extent that it predicts future evenls and raises fur-
ther questions while providing direction for making
more observations, Thus, the conceptual structure
of science Is a dvnamic rather than a slatic body of
knowledge. Each concept has cerlain limitations
depending on the observations on which the con-
cept is based and thes menlal processes used to
davise the concepl. The precision of the observa-

tions determines the validity of the concept as
does the degree to which the observations repre-
sent all possibie observations. Each concept is re-
stricled in its applicability since it may be used
only in siluations similar to those in which the
original observations weie made,

Thus, the conceplual structure of science is in-
timately related to the varlous mental and molor
processes used to make the ohservations and Je-
vise the concepls.

Some of the relationships ¢f science processes
and science knowledge may be identified through
a study of this simplified model:

OBSERVATIONS

(1

> CONCEPT

——>> OBSERVATIONS

(2)

The model suggests lhat concepts are derived
from observations and thal these concepls lead 1o
further cbservations The concept may be consid-
ered 10 ba he inference resulling from oObserva-
lions. Its credibilily and servicesbilily are evalu-
ated by observations made subsequent to the
design of the concept.

Because the concept Is man-made and betause
man both designs the obeervational system and
selects and groups pertinen! observalions from the

ERIC
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system, ONE MUST UNDERSTAND THE PROC-
ESSES EMPLOYED IN GENERATING THE 08B-
SERVATIONS AND THE CONCEPTS it one is 1o
understand and use the concepts. Cne must also
recoghize that more lhan one concept may be in-
ferred from a given set of observalions, The task
of deciding which of several concepls should be

and arduous.

v

accepted by the scientific community is often long; y
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Various processes are implied by the model.
Arrow (1) represents the process of inferring. Ar-
row (2) represents the process of predicting as a
meaans of verifying the usefulness of the concept.
In order to accumulate and analyze observations,
such processes as measuring, observing, inter-
preting data, making operational definitions, clas-
sifying and experimenting are used. Usually the
selection of observations is determined by formu-
lating questions and hypotheses. Implied at many
points in the model is the process of communi-
cating. In general, the model inplies some order-
ing of the processes in that the use of one process
often precedes the use of another. However, this
ordering is meant to be neither rigorous nor pre-
scriptive.

Any one of the processes involves many related
sub-processes; these sub-processes may be tenta-
tively arranged in a hierarchy. This arrangement
may then serve as a starting point for the inclusion
of the processes in a science curriculum. Certain
processes can and should be included in the cur-
ricutum prior to beginning an emphasis on con-
cept development; others should be introduced
much fater. Once developed, a given sub-process
should be applied as it is needed throughout a stu-
dent's € «nerience.

ERIC
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Eleven major processes have been identified
which include the great majority of student activi-
ties appropriate for school experience. The terms
associated with these processes are:

Observing

Classifying

Inferring

Predicting

Measuring

Communicating

Interpreting Data

Making Operational Definitions
Formulating Questions and Hypotheses
Experimenting

Formulatirg Models

The descriptive paragraphs on the following
pages will clarify the intended meaning of these
terms. Following each paragraph is the Process
Sequence — a hierarchy of behaviors within that
particular process. On the fold-out page is a dia
gram relating the specific behaviors to the leve ;
used in the development of the conceptual fiame-
work. These sub - processes should be used as
much as possible in developing the student's
understanding and acceptance of the concepts.



PROCESS — Observation

Observations can be made in a variety
of ways using all of the senses. Where
direct sense experience is not ade-
quate for making needed observations,
indirect methods 2re used. Objects
and events may be observed with re-
spect to many qualities and quantities.
When observations are made to ac-
cumuiate data from which inferences
will be drawn, the precision of the ob-
servations is critical. Preclsion is often
improved by making quantitative ob-
servations. Observations are influ-
enced by the experience of the ob-
server.

Process Sequence

Distinguishing differences in physical properties of objects by direct observation.
Manipulating or changing an object in order to expose its properties for observation.
Using instruments to aid the senses in making observations.

Making observations without inference.

Repeating observations as a means of improving reliability.

Using measurement as a means of refining observations.

Ordering events chronologically.

Identifying changes in properties and measuring rates of change.

Differentiating constants from variables.

Identifying correlational changes in variables.

TTFemoooTe
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PROCESS — Classifying

Classifying is the grouping or ordering
of phenomena according to an estab-
lished scheme. Objects and events
may be classified on the basis of ob-
servatlons. Classificatlonal schemes
are based on observable similarities
and differences in arbitrarily selected
properties. Classificational keys are
used to place items within a scheme
as well as to retrieve information from
a scheme.

Process Sequence

a. Perceiving similarities and differences in a set of objects.

b. Separating a set of objects into two groups according to those that have or do not have
a single characteristic.

c. Grouping a set of objects on the basis of a gross characteristic, such as color or shape,
where many identifiable variations are possible.

d. Developing arbitrary one-stage classificational schemes where all included objects of

phenomena may be put into mutually exclusive categories.

Using quantitative measurements as criteria for grouping.

Setting limits as a means of grouping on the basis of a continuous variable.

Developing classiticational schemes of two or more stages of subsets having mutually

exclusive categories.

Using an accepted classificational systeam or key to identify objects or phenomena.

Using characteristics ohserved under imposed conditions as a basis for grouping.

@ ~o
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PROCESS — Inferring

inference, while based on observa-
tions, requires evaluation and judg-
ment. Inferences based upon one set
of observations may suggest further
observation which in turn requires
modification of original inferences. in-
ference leads to prediction.

2rocess Sequence

a. Demonstrating that inference is based upon observation.

. Separating pertinent observations upon which given inferences are based from those
which are extraneous.

Developing an Inference from a set of related observations.

. Developing a series of inferences from a set of related observations.
Stating cause-and-effect relationships from observation of related events.
Identifying limitations of inferences.

. Modifying and extending inferences to include discrepant events.

. Developing plans to test the validity of inferences.

Using inferences to suggest further observation.

Extending inferences to formulate models.

o
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PROCESS — Predicting

Pradiction is the formulation of an ex-
pected result based on past experi-
ence. The reliability of prediction de-
pends upon the accuracy of past
observations and upon the nature of
the event belng predicted. Prediction
is based upon Inference. Progressive
series of observatlons and, in particu-
lar, graphs are important tools of pre-
diction in science. An experiment can
verify or contradict a prediction.

Process Sequence

Distinguishing between guessing and predicting.

Using repeated observations of an event to predict the next occurrence of that event,
Using a serles of related observations to predict an unobserved event.

Using quantitative measurement as a means of improving the accuracy of predictions.
Limiting variation in conditions affecting prior observations in order to improve the ac-
curacy of predictions.

Demonstrating the accuracy of predictions In order to establish the vadility of previously
held concepts upon which the predictions are based.

g. Using Interpolation and extrapolation as a means for making predictions.

h. Establishing criterla for stating confidence In predictions.

a0 oo
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PROCESS — Measuring

Measuring properties of objects and
events can be accomplished by direct
comparison or by indirect comparison
with arbitrary units which, tor purposes
of comr - nication, may be standard-
ized. Ide .ifiable characteristics which
can be measured may be interrelated
to provide other quantitative values
that aie valuable in the description of
physical phenomena.

Process Sequence

a. Ordering objects by inspection in terms of magnitude of selected common properties
such as linear dimension, area, volume or weight.

b. Ordering objects in terms of magnitude of properties by using measuring devices with-
out regard for quantitative units.

c. Comparing quantities such as length, area, volume and weight to arbitrary units. Com-

paring time to units developed from periodic motions,

Using standard units for measurement.

Selecting one system of units for ail related measurements.

Identifying measurable physical quantities which can be used In precise description ot

phenomena.

Measuring quantities which depend upon more than one variable.

Converting from one system of unils to another.

Using and devising indirect means to measure quantities.

Using methods of estimation to measure quantities.

~o 0
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PROCESS — Communicating

In order to communlcate observations,
accurate records must be kept which
can b submitted for checking and re-
checking by others. Accumuliated rec-
ords and their analysis may be repre-
sented In many ways. Graphical
representations are often used since
they are clear, concise and meaning-
ful. Complete and understandable ex-
perlmental reports are essential to
scientific communication.

Process Sequence

Describing observations verbally.

Describing conditions under which observations were made.

Recording observations In a systemalic way.

Stating questlons and hypotheses concisely without ambiguity.

Constructing tables and graphs to communlcate data.

Planning for communication of procedures and results as an essential part of an experi-

ment.

g. Reporting experimental procedures in a form so other persons can replicate the experi-
ment.

h. Using mathematical analysis to describe interpretations of data to others.

Using tables and graphs to convey possible interpretaticns of data.

~oQaoop
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PROCESS — iInterpreting Data

Interpreting data requires the applica-
tion of other basic process skills — in
particuiar, the processes of inferring,
predicting, classifying and communi-
cating. It is through this compiex proc-
ess that the usefulness of data is deter-
mined in answering the question being
investigated. Interpretations are al-
ways subject to revision in the light of
new or more refined data.

Process Sequence

Selecting data pertinent to the question asked.

. Processing raw data to expose trends or relationships.

Describing information as it Is displayed on tables or graphs.

. Making and explaining inferences from tables or graphs.

Setting criterla for assessing the validity, precision and usefuiness of data.

Comparing sets of rela.ed data to test the credibility of inferences and generalizations.
. Selecting the mast acceptable interpretation from multiple interpretations of the same
set of data.

. Determining estimated values of statistics from sample data and evaluating probable
errors,

Stating criteria for restricting inferences and generalizations to those inferences and
generalizations supported by data.
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PROCESS — Making Operational Definitions

OCperational definitions are made in or-
der to simplity communication con-
cerning phenomena belng Iinvesti-
gated. In making such definitions it is
necessary to give the minimum amount
of information needed to differentiate
that which is being defined from other
similar phenomena. Operational defi-
nitlons may be based upon the obsery-
able characteristics of the phenomena
and upon the operations to be per-
formed. Operational definitions are
precise and, in some cases, based
upon mathematical relationships.

Process Sequence

Distinguishing between operational definition and general description.

Selecting characteristics of a phenomena suited to use in operational definition.
Stating minimal observable characteristics required for an operational definition.

. Establishing the criteria for operational detinitions according to the use intended for the
definitions.

Evaluating the suitabllity of opserational detinitions.

Describing the limitations of operatlonal definitions,

Using mathematical relationshlps In making operational Jefinitions.

Formulating operational deflniltions of experimental parameters such as system bound-
arles, data gathering procedures and interactions of variables.

scoow
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PROCESS — Formulating Questions and Hypotheses

Questions are formed on the basis of
observations made and usually pre-
cede an attempt to evaluate a situation
or event. Questions, when precisely
stated, are problems to be solved
through application of the other proc-
esses of science. The attempt to an-
swer one question may generate other
questions. The formulation of hypoth-
eses depends directly upon questions,
inferences and predictions. The proc-
ess consists of devising a statement
which can be tested by experimenl.
When more than one hypothesis is sug-
gested by a set of observations, each
must be stated separately. A workable
hypothesis is stated in such a way that,
upon testing, its credibility may be es-
tablished.

Process Sequence

a. Separatiny questions which can only be answered philosophically from those which can
be answered from experience.

b. Answering questions confined to the observations which can be made.

Separating broad questions into parts which, when answered, will contribute to a com-

prehensive explanation.

. Restricting questions to those that demand only a posltive or negative response.

Asking questions or stating simple hypotheses which can be tested.

Stating hypotheses in forms which suggest the variable to be manipulated.

Differentiating hetween hypotheses which must be tested qualitatively and those which

can be tested quantitatively.

. Stating negalive hypotheses in an attempt to eliminate variables.

o
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PROCESS — Experimentinj

Experimenting is the process of de-
signing data-gathering procedures as
well as the process of gathering data
fur the purpose of iesting a hypothesis.
In a less formal sense, experiments
may be conducted simply to make ob-
servations. However, aven here there
is a plan to ralate cause and effect. In
an experiment variables must be iden-
tified and controlled as much as pos-
sible. An exper’ nental test of a hypoth-
esis is designed to indicate whether
the hypotiesis is to be accepted, mod-
ified or rejected. In designing an ex-
periment, limitations of method and
apparatus must be considered.

Process Sequence

Manipulating apparatus to make pertinent observations.

identifying observations which are relevant to an experiment.
Distinguishing useful from extraneous data

Describing the problems involved in making deslred observations.
Identifying relevant variables in an experimental situation.
Maintaining an accurate record of experimental procedures and results.
. Controlling those variables not a part of the hypothesis being tested.
1dentifying sources of experimental error.

Describing the limitations of experimental apnaratus.

Describing the limitations of the experimental design.
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PROCESS — Fnrmulating Models

Models, whether physical or mental,
are devised on the basis of acceptable
hypotheses or hypotheses that have
yet to be tested. Models are used to de-
scribe and explain the inter-relation-
ships of ideas. In many cases the mod-
el implies new hypotheses; if testing
these hypotheses results in new infor-
mation, the model must be altered to
include it.

Process Sequence

a. Distinguishing between models and reality.

b. Explaining observed phenomena by using models devised by others.

c. Constructing a paysical representation, a drawing or a mental image to explain ob-
served phenomena.

d. Extending physical or mental models to include related phenomena.

e. Modifying existing models to include new observations.

f. Formulating physical ¢cr mental models idealizing observed conditions in order to mini-
mize variations.

a. Devising tests for the credibility of an existing model.

h. Stating limitations for models.
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Process in Science for the Elementary Grades

My own view is that science processes should
be emphasized all along, since | think of these as
the intellectual strategies that are so important for
an adult human being {0 have, even if he never
studies much science in a formal way. But, at the
same time, | should surely expect a student who
has learned some processes to be able to under-
take the serious study of any particular sclence
content with a great deal of facility.

Robert M. Gagne, Sixteenth Annual
Convention, NSTA. March, 1968,
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The Nature of the Scientific Enterprise

An analysis of the history of science indicates
that man's effort to Increase his understanding of
his natural environment has been greatly influ-
enced by the acceptance of identifiable proce-
dures, beliefs and ethical standards. These factors,
together with the activities of investigation, com-
prise the Nature of the Scientific Enterprise. To
be a scientist is to be involved in physica! and
mental activities which have proved to be effective
in developing an understanding of natural phe-
nomena.

Sclenco Is often considered to be the applica-
tion of rational thought to data gathered from ex-
perience. This notion is incomplete and somewhat
misleading. A delailed inquiry into the nature of

science reveals that scientists do not usually state
a set of primary assumptions about nature — but
they do subscribe to them. Scientists tend to agree
that these unwrilten rules control their behavior.
Such rules, the result of centuries of philosophicai
development, have been critical in the develop-
ment of science as an inlellectuai pursuit,

In order to understand and appreciate the con-
ceptual structure of the products of science and
the processes by which science concepts evolve,
it is necessary for the science student to under-
stand what a scientist is, what he doss, what he
belleves and how he conducts his Invastigations.
Such understanding does not require Intimate
knowledge of highly specialized techniques and

I. The Philosophy of Sclence

A. The Assumptions of Science
1. Assumptions Concerning Nature

a. Reality

b. Consistency

c. Causalit
d. Compre

zensibllity

2. Assumptions Concerning Pronesses and
Products of Scientific Investigation
a. Repeatability
b. Probability
¢. Tentativeness
d. Contingency

B. Ethical Rules of Science

1. Empiricism

2. Openmindedness

3. Parsimony
4. Immunity
5. Reliance

ll. Actisns of the Sclentist
A. Making Selections

8. Allowing for Serendipity
C. Mal;lngIEmplrica! Investigations

anning an Investigation
2. Conducting an Investigation

3. Interpreting Data .

D. Expanding Scientific Knowledge
1. Developing Classificativnal Schemes
2. Forming Correlational Relationships
3. Establishing Theoretical Constructs

Q E. Communicating Scientific Information




methods, but does require knowledge of the con-
text in which scientific investigations are con-
ducted. Such knowledge cannot be accomplished
by simple indoctrination. Therefore, the curriculum
designer should seek ways to include the philoso-
phy of science in classroom and laboratory activi-
ties. This may be done by asking the stude.t to
analyze the assumptions and beliefs that influence
his own actions and decisions in laboratory investi-
gations. It may also be accomplished through
learner analyses oi examples of well - known sci-
entific works. To some extent it may be accom-
plished through analogy and philosophicai discus-
sion. The curriculum designer must be responsible
for determining the most appropriate approach for
a given situation.

The following outline is an attempt to separate
the Nature of the Scientific Enterprise into some of
its major parts so that each may be considered in-
dividually; it does not imply that there are artificial
barriers which segment the activities and mental
processes involved in pursuing science. The phi-
losophy ot science includes the assumptions and
ethical rules which influence the actions of the sci-
entist. There is no fixed order in which a scientist
must consider these infiuences, nor is there any
definite pattern which he must follow in his activi-
ties. Since the methods employed are determined
by the phenomenon or object under investigation,
there is no single scientific method which the re-
search scientist must honor.

The Nature of the Scientific Enterprise

I. The Philosophy of Science — Scientific
disciplines, as well as other disciplines, de-
pend upon fundamental assumptions and be-
haviors. Together these constitute the philoso-
phy of sclence.

A. The Assumptions of Sclence — The first
truths of science must be assumed. Al-
though there is no preponderance of evi-
dence that indicates the final proof of as-
surnptions, observable positive facts and
absence of negative evidence makes as-
sumption possible. Thus, the very high
credibilily of an assumpltion allows the scl-
entist to use it as a point of departure in
his investigations. If at any lime evidence
is presented that indicates the assumptions
are false, they must be revised and the in-
vestigations based upon them redone.

1. Assumplions Concerning Nature — An
altempt to understand natural phanom-
ena requires assumplicns concerning
the characteristics of the natural envi-
ronment and man’s telationship to it.
a. Reality — It is assumed that the uni-

verse exisls outside the minds of
men. Thus the universe and all natu-
ral phenomena within the universe
are real.

b. Consistency — It is assumed that na-
ture is not capricious and that there
is a corresponding reqularity in natu-
ral phenomena.
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c. Causality — It is assumed that natu-
ral effects have natural causes. Stat-
ed in anoth~r way, there is a func-
tional dependence between associ-
ated occurrences.

d. Comprehensibility — It is assumed
that the human mind is capable of
understanding natural materials and
their interactions.

2. Assumptions Concerning the P;ocesses
and Products of Scientific Investigation
— In altempting to understand his en-
vironment, man must make assumptions
concerning the validity of his processes
of investigation and the products which
tesult from them. He must also be con-
cerned with the limitations which always
exist.

a. Repeatability — It is assumed that it
an experiment is repeated in exactly
the same way under exactly the same
conditions the same result w'll always
occur.

b. Probability — it is assumed that all
experimantal resulls, measurements
and other products of science will not
be statements of absalute truth.
There always exists a certain pro
ability of error in observation and
corresponding probability of error in
the inferences made.




¢. Tentativeness — It is assumed that
procedures of investigation and re-
sults obtained are acceptable only
until better procedures and more ac-
curate results are available. It is also
possible that a given set of observa-
tions may produce more than one
seemingly correct inference. The ac-
ceptance of one inference over the
other is always subject to change.

d. Contingency — It Is assumed that
the usefulness of experimental data
and the Interpretations of such data
are dependent upon the validity of a
variety of accepted assumptions and
information. It Is also assumed that
any change in basic assumptions re-
quires a re-examination of inferences
that have been made.

B. Ethical Rules of Sclence — Afthough there
Is no written code of scientific conduct,
most scientists recognize an obligation to
perform their tasks in a way that wiil com-
municate their findings as efficiently as
possible and will not mislead thelr fellow
workers.

1.

Emplricism — Theories in science are
based upon evidence that is gathered by
direct or indirect methods. Imagined
data oulside of stated accepted assump-
tions are rejected by the scientist. Al-
though differences of interpretation are
accepted, dishonesty is always rejected.
Openmindedness — Investigations in
the domain of science are done without
personal bias and resulls are never pre-
determined. The Job of the scientist is
rotl to argue for or against a personal
belief, but rather to objectively ascertain
the credibility of a proposition and to
communicate the resulls to his col-
leagues.

Parsimony — Simplicity is prefetred to
complexity. If a choice is to be made be-
tween two dilferent scientific theoties,
both of which account for the observed
facls, tha least comptex is chosen. Simi-
latly, comprehensiveness is preferred to
specificity. There is a continuous effort
among scientists {o develop a minimum
number of fundamental concepts to ex-
plain the greatest possible number of
observalions.

Immunity — The conceplual procucts
of pute sclience are developed without
tegard for social ethics or praclical re-
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quirements. The products of science are
amoral; the morality associated with sci-
entific discovery is only a resuit of so-
ciety's use of the discovery.

5. Relevancy — In atlempting to advance
understanding of the natural universe, a
scientist wiil accept those theoretical
constructs which heve shown to be suc-
cessful in explaining observed phenom-
ena and will reject those which have
been non-productive. In short — he ac-
cepts the useful and rejects the useless.

ll. Actions of the Sclentist — There is no
singie scientific method or procedure. Instead,
the scientist proceeds according to the nature
of the problem with which he is concerned.
The nmore varied the possible approaches, the
more critical the decision becomes as to what
approach is to be used. The scientist proceeds
with the belief that no one method will guaran-
tee success, but that in pursuing the mental
maze toward understanding there are many
paths which may be followed.

A. Making Selections — Much of the scien-
tist's work involves choosing between rele-
vancy and irrelevancy. The adequacy of the
selectlion process determines economy of
time and effort and the reliability of tha re-
sults. Selection includes:

1. Collecting and examining available facts
and assumptions priot to formulating
working hypotheses.

Classifying the facts and assumptions in
order to reduce the number of factors to
be related.

3. Establishing a cumulative fund of knowi-
edge as a basis for scientific knowledge.

4. Determining the nature of the observa-
tions that have the highest probability of
yielding resulls.

5. Recording those observations relevant
to the working hypotheses.

8. Limiting the number of variables being
observed at any one time.

7. Choosing, when possible, numerical
measurement and quantitative data over
qualitative description to increase pre-
cision. 5

8. Maximizing the precision of measure-
ment by using approptiate inslruments
and proficient skills.

9. Considering the probability of error in
oblaining and ulilizing data.
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B. Allowing for Serendlpity — In all scientific

investigations, there is the chance that a re-
sult will appear that is not anticipated, It is
the responsibility of the scienlist to be
aware that such results may occur and o
be sensitive to their importance. The ad-
vancement of scientific knowledge in this
way has been more the result of the investi-
gator's alert anticipation than the result of
happy accidents.

C. Making Empirica!l Investigations —The em-

pirical nature of science asserts that knowl-
edge of nature can be inferred from direct
or indirect observation. Empliricism is op-
posed to simple dependence upon intuition
and to the philosophies of totalitarianism,
rationalism and subjeclivisim. Pure, iogical
thinking will almost certainly yield a dis-
torted view of the characteristics and rela-
tionships of the natural world. Investiga-
tions are designed to serve as a source of
empirical data. Such data is useful in as-
certaining the credibility of theoretical con-
structs that have resulted from natural
observation or the planned collection of
othetr empirical dala.

1. Planning an Investigation — Seldom, if
ever, does the random observation of
phenomena provide evidence for the
formulation of significant understand-
ings. To conserve time and elfort, careful
planning must be a part of every investi-
gation. The strategies employed in an
investigation depend upon the nature of
the problem to be investigated. There is
no fixed order for carrying out the plan-
ning aclivities related to conducting an
investigation.

a. A scientist develops a clear under-
standing of the nature of his problem
and reviews any relevant associaled
literature.

b. In order to develop criteria for the
collection of data, one or more hy-
potheses will be stated in simple and
precise ferms in a manner that makes
it possible o test their credibility
from the data to be collected.

c. The investipation will be designed so
that the nature of the data to be col-
lected and the method by which the
data will be treated will be known
ptict to any action. In some investiga-
tions, trial runs may be conducted as
a means of testing the experimental
design. Such trial runs may result in
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the restatement of the problem or the
hypothesis and may possibly indicate
a need lor revision of the overall plan.

d. The variables involved In the investi-
gation must be identified and exam-
ined in light of prior information. It
will then be determined which of the
independent variables can be con-
trolted and which cannol. The experi-
mental design will provide for manip-
ulating the controlled variables and
for determining the possible effect of
the uncontrolled variables on the
data.

2. Conducting an Investigation — The ex-
perimental aspect of an investigation is
an atiempt to set up an artificial situa-
tion in which the control of variables is
greater than in the ordinaty course of
events. In carrying out the pfanned in-
vestigation, a systematic series of ob-
servations are made under controlled
conditions by one or more persons
whose actions are guided by the as-
sumptions and ethical rules recognized
by scientists.

a. Speclal skills and equipment will be
used as extensively as necessary to
carry out the planned investigation.

b. Observations will be made objective-
ly according to the experimental de-
sign.,

c. Although there will be continued
scrutiny of the progress of the investi-
gation while data Is heing accumu-
lated, no conclusive statement will be
made until the experiment is com-
pleted.

3. interpreting Data— An extensive ac-
cumulation of data will not be consid-
ered meaninglul in terms of scientific
investigation until it is interpreted. Ra-
tional thought may be applied to empiti-
cal data in a vatiety of ways in order to
develop classifications, correlations and
theoties.

O. Expanding Sclentific Knowledge — The

products formulated by scienlists emerge
in the form of concepts. These concepts

may be classificational schemes of objects _

ot phenomena, cotrelalional relationships
between natural phenomena or theoretical
constructs. All such concepts are the result
of the application of human intelligence,
imagination and crealivity 10 empirical
data.



1. Developing Classificational Schemes —
The viide range of information collected
frorn nature would be of little value to
rmiankind unless a system were devel-
oped for retrieving necessary informa-
tion when it is needed. A portion of sci-
entific effort is devoted to categorizing
observed phenomena.

a. Classificational schemes may be
based upon observable similarities
and differences.

b. Classificational schemes are invent-
ed by man and imposed upon nature.
The schemes are not inherent in the
natural phenomena being classified.

c. Classificational schemes are devel-
oped as a means of storing informa-
tion and exposing possible trends in-
herent in nature.

d. Classificational schemes are both
exhaustive and exclusive; that is,
every item in a group of observations
must fit into one of several classes,
but no item can fit into more than one
class.

2. Forming Correfational Relationships —
One of .he tasks of scientific investiga-
tion is to establish functional relation-
ships between effects and their causes.
‘This functional relationship may be
simple or It may be a chain of events
leading to a final effect. The basic as-
sumption of consistency in naturai phe-
nomena is used in establishing such
correlaticnatl relationships.

a. Correlational relationships may be
eslablished by the method ol agree-
ment: it the circumslances leading {o
given event have in all cases had cne
factor iIn common, that factor may be
the cause or related to the cause of
the event. Since it is not possible to
know alil of the possible retevant fac-
tors Involved, correfational state-
ments derived by this method are
stated in terms of probabilities.

b. Correlational relalionships raay be
established by the method of diffet-
ence: if two or more circumstiances
differ in only one factor and the one
circumstance containing the factor of
ditference leads to the events and the
other circumstances do not, that one
factor may be proposed as the cause
of the event. Again, these correlation-
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al products are expressed in terms of
probabilities.

c. Correlational relationships may be
established in terms of mutual
change: if factor x changes greatly as
factor y changes greatly over a wide
range of measurements, the parallel
changes are an indication of possible
functional dependence.

3. Establishing Theoretical Constructs —
Theories emerge when gaps appear in
the available facts. A theory has higher
credibility than a hypothesis, but lower
credibiiity than a fact. Theories are
based upon a higher order of assump-
tion than classifications and correla-
tions.

a. Theorles are developed from assump-
tions as well as facts.

h. Theories are developed so that they
may be expressed in the simpiest
possible way without unduly limiting
the number of phenomena they can
explain or their usefulness in making
predictions.

¢. Theories are never proven true or
false. It is only possible to establish
or deny their credibility.

d. Theories are considered tentative
and are modified whenever new evi-
dence is presented.

E. Communlcating Sclentific Information—

The scientist is obligated to publish or dis-
seminate in other ways new research re-
sults so that all members of the academic
community may benetit or may have the op-
portunity to test the formulated concepls.
All contributions to the fund of scientific
knowledge become public domain with
only minimum credits going to the re-
searcher for his achievement. The presen-
fation of publications and the review of
scientific results by the community of sci-
entists provide a system of self - imposed
checks and balances that regulates the
quality of the products of scientific en-
deavor.

The body of scientific knowledge is a
vatiable that moves ahead as a series of
approximations. Fach investigator has the
right and obligat.on to proceed upon the
theoties and assumptions of those who
came before him. In essence, science Is an
intellectual invention of man which has
brought the universe within his compre-
bension.
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The Cultural Implications of Science

Tha Cullural Implicalions of Science could be
structured as a sequence of concepts. However,
because the conceptual schemes and the proc-
esses In this Guide are intended o provide a
framework for the science curriculum, it is recom-
mended that the cullural aspecls be included with-
in the context of these major aspecis of sclence.

This does not mean that the cultural implications
are of any less importance to the curriculum. They
should pervade all levels of the suggesied concep-
tual framework. The Ideas involved should be in-
terwoven with the science concepts in every leach-
ing unit.

CULTURAL IMPLICATIONS OF SCIENCE

)
o
-4

—co
©
)

AESTHETIC

N/

. )
The above diagtam indicates that the cu!turax//
implications of science are 1o be applied 1o all lev-\-
els within the conceptual framework.
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“The Purpose of Knowledge Is Action and Social
Betterment”

In the field of science, the great discoveries are
yet to be found in the minds and the capability of
people who have been left out. I'm calling upon the
scientific community today for more breakthroughs.
You're constantly opening up new vistas; you're
constantly discovering something; you're constant-
ly putting together new compounds. Do it with peo-
ple. Open these doors of opportunity.

Vice President Hubert Humphrey, Sixteenth
Annual Convention, NSTA. March, 1968.
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The Cultural Implications of Science

Man lives in a world in which hls activities and
his way of life are profoundly influenced by sci-
ence. Science in turn influences technological de-
velopment. 1t is not possible lo discuss sclence
outside of its relationship with human beings, since
sclence, both as a body of knowladge and as a
process, is a product of the human inlellect. The
malin interrelationships between science and hu-
man activities on both intelleclua! and physical
grounds may be expressed as follows:

1. Sclence Is a signlficant part of our culture,
having aesthetic and humanistic as well as
practical values.

2. Sclence Is influenced by the phlloscphical
slructure of the soclely In which It exists and
In turn scisnce affects the philosophical
struciure of that soclety.

3. Sclentific and technological structures of a
soclety have a strong Influence on the level
of economlic development.

A. Governmental policies affect the growlh of
sclence and are in lurn affected by sclentific
activities. Society’'s wisdom in the support
and application of science Is related to the
tevel of understanding of the putposes,
strengths and limilations of sclence.

5. The rapid accumulation ol sclentific and
technologlcal knowledge and the decrease In
the time lag belween devélopment and soclo-
logleal applicalion creates setious problems
when the soriety accepls the new develop-
menls withoul laking time to anlicipate the
consequences.

ERIC
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For the purposes of curriculum development,
these stetements express the fact that science in-
fluences human activities and that science in turn
is influenced by these human activities. For the
purpose of simplification, the five statements will
be referred to herealter by the following adjec-
tives:

1. Aesthatic

2. Phllosophical

3. Economlc¢

4, Polltical

5. Soclologlcal

The attitudes and apprectiations related to the
Cultural Implications of Science are manifested by
the behaviors of individuals in their relationship to
society. The teaching strategies used to develop
acceplabte altitudes and appreciations toward sci-
ence are dilferert irom those strategies used to de-
velop concepl understanding of prosess dextarily.
The major ideas of the cuitural implications of sci-
ence should be introduced to children early in their
education and then re-introduced using appropti-
ate methods whenever reasonable within the struc-
ture of the conceplual schemes and processes.
The progress cf science in relatian to human de-
velopment dramatically demonstrates the interac-
tion of science and society. Students may develop
an appreciation of this interaction by using direclt

quotalions from the writings of well-known scien=<_

tists and science educalors, such as the few in-
cluded examples. Since the social invo'vement of
science varies with time and with local and ie-
gional siteations, the classroom teacher should
exert every possible effort to keep references rele-
vant to the social exoerience of studenls.



I. Aesthetic

The word "“art” can be used to describe fie
paintings, pleces of sculpture and great works of
music and literature. The word may also be used
to describe the process of developing these ac-
complisnments. The word “artist” denotes a per-
son who uses his materials, whether they be oil
and canvas, clay and bronze or pen and paper, to
create a product of his investigations and con-
templations. The words *’science” and *‘scientists™
are very similar to “art” and “artist.”” The scientist
finds the same creative satisfaction in creating
models, oxplanations and predictions of natural
phenomena as the poet finds In creating memo-
rable verse or the &arlist finds in developiny new
relationships between his niaterials. A scientific in-
vestigation of nature is a cieative activity which
has enormous intellectual challenges and satisfac-
tions. Just as the artist is limited by the nature of
his materials, so the scientist Is limited by the be-
havior of the materials of nature.

The aesthetic nature of science Is apparent at
all levels — from the most elamentary observations
of the young child to the sophisticated investiga-
tions of the professional scientist. Aesthetic satis-
faction can be found in the simple observation of
the color of flowers, the patterns of butterflies, the
green of the landscape, the blue of the sky, the
form of seash»slls and the complexity of crystals. At
a higher level, the professional scientist sees
beauty In hls physical and mathemailical models of
theoretical constructs. As with great works of art,
an immense satisfaction may be conveyed to stu-
dents by introducing them to great scientific works,
such as Faraday’s experiments with magnets, colls
and wire to gain an understanding of electro-mag-
netic 'nduction. There Is a special beauty In Pas-
teur's studies of the relation of the form of tartrate
crystals to the rotation of polarized light. Emil
Fischer's work on the structural formula of grape
sugar Is an inspiration to beginning organic chem-
ists.

“Science is the creation of scientists and every scien-
tific advance bears somehow the mark of the man who
made #t . . . . The Creative scientist, whatever his field,
is very deeply involved emotionally and personally in
his work, and . . . he himself 1s his own most essential
tool”

Anna Roe 1961
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“Knowing how contemted, free and joyful is life in the
realm of science, one fervently wishes that many would
enter its portols.”

Dmitri Mendelecs 1565

“It is interesting to contemplate a tangled bank,
clothed with many plants of many kinds, with birds
singing on the bushes, with various insects flitting
about, and with worms crawling through the damp
earth, and to reflect that these elaborately constructed
forms, so different from each other and so dependent
upon each other in so complex a manner, have all
been produced by laws acting around us . . . Thus,
from the war of nature, from famine and death, the
most exalted object we are capable of conceiving,
namely, the production of the higher animals, directly
follows. There is grandeur in this view of life, with its
several powess, having been originally breathed into
a few forms or into one; and that, whilst this planet
has gone cycling on according to the fixed law of
gravity, from so simple a beginning endless forms
most beautiful, anc’ most wonderful have been, and
are being evolced.”

Charles Darwin 1859

“Personally I nm inclined to agree with Schopenhauer
in thinking thet one of the strongest motives that lead
people 1o give their lives *o art and sclence is the urge
to flee from everyday life, with its drab and deadly dull-
ness, and thus to unshackle the chains of one’s own tran-
sient desires, which supplant one another in an inter-
minable succession so long as the mind is fixed on the
hortzon of daily environmnent.”

Albert Einstein 1932
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“Science is used so loosely these days to account for
all manner of things — from the why of nature to the
despair of the poct, from the highest recches of man's
intellect to the deadening of humanistic culture, from
the preservation of clvilization to its destruction . . , it is
not surprising that control of nature Is frequently con-
fused with man’s intellectual desire to understand it . ..
the utility of sctence looms so large in the affatrs of imen
as te shadow its esthetic values.”

Morris H. Shamos 1967

“There are, in fuct, four very significant stembling-
Dlocks in the way of grasping tne truth, which hinder
every man however learned, and scarcely allow anyone
to win a clear title to wisdom, namely, the example of
weak and un-corthy authority, long-standing custom,
the feeling of the tgnorant crotod, and the hiding of our
own ignorance while inaking a display of our apparent
knowl:dge. Every man is involved in these things, every
rank is affected. For every person, in whatever walk of
life, both in application to study and in all forms of oc-
cupation, arrives at the same conclusion by the three
worst arguments, namely, this is a pattern set by our
elders, this s the custom, this is the popular belief:
therefore it should be held.”

Roger Bacon, c¢. 1260

“To magnify thought and ideas for their own sake
apart from what they do . . . is to refuse to learn the les-
on of the most authentic kind of knowledge — the ex-
perimental -— and it is to reject the idealism which
involves responsibility. To praise thinking above action
because there is so much {ll - considered action in the
world is to help maintain the kind of world n which
action occurs for narrow and transient purposes. To
seek after ideas and to cling to them as means of con-
ducting operations, as factors in practical arts, is to par-
ticipate in creating a world in which the springs of
thinking will be clear and ever-flowing.”

JohnDewey 1929
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Max Casger wrote of Johannes Kepier that *'in-
deed while following his Mars research one gets
the 'mpression that sometimes he deals with indi-
vidual tasks and proofs out cf pure delights and
pleasures.”"” This is one of many examples in the
history of science wheare an invastigator goss to
needless ends for ihe aesthetic satlsfaction ob-
tained from pursuing furlher evidence rather than
abandoning a problem as soon as the practicabil-
ity of a solution has been demonstrated.

Every sclerice student should have an opportu-
nity to encounter the vast jigsaw puzzle of Informa-
tion available to him from prepared resources and
from his environmant in order to build a personal
model of his universe — regardless of how broad
or restricted it may be. Th2 science educator has a
special responsibility to encourage the student to
develop his appreciation of science as a creative
activity.

Il. hillosophical

The climate created by scientific thought has
profoundly influenced man’s way of thinking. In
turn, philosophical attitudes have either retarded
or stimulated sclence, depending upon the particu-
lar circumstances.

Untii the 17th century, sclentific thought was
dominated by ancient Greek philosophy. This dom-
inance was largely due to the ideas of Aristotie,
who thought that causal relationships were of pri-
mary importance in the analysis of any particular
subject. Arlstotelian philosophe-s treated pkenom-
ena of nature In much the same way that the geom-
eter treats his subject: they worked through a logi-
cal system based upon a set of ''self-evident
truths.”” The Aristotelians hetieved that the earthly
sphere was made up of earth, air, fire and water;
the sky was made up of the fifth element, quintes-
sence, which was a perfect materlal. Following
Plato’s teaching, they belleved that motion In the
sky was perfect. Since the circle is a perfect figure,
then the motion observed in the sky must be clrcu-
lar. They assumed also that this celestial motion
was regular — neither slowing down nor speeding
up. As a consequence of these rigid beliefs, explain-
ing observed irregularitles in the otherwise con-
stant eastward drift of the planets required the
invention of a highly sophisticated geometric sys-
tem involving circles moving on circles. .

In the 16th century Copernicus initiated a revolu-
tion in astronomy. He axplained the irregular mc-
tion of the planets as an overtaking phenomenon
where the earth moved around the Sun in an orbit
between that of Venus and Mars. Subsequent stu-



dents of the subject, suct: as Kepler and Galileo,
found that the Copernican syalem made a great
deal of ser:se, especlally when madified by Kepler
to placa the planets into elliptical rather than circu-
Iar orbits.

The new astronomy created an intellsctual crisis;
Aristotulian philosophers were unable and unwiil-
ing to acuept the new point of view despite the fact
that it led to a simpler geometric system with good
predictive value., Both Protestant and Catholic phi-
losophers sought in vain to block acceptance of
the new explanation. .

The new astronomy contributed to the develop-
ment of a completely new philosophical view of
nature. During the 17th century, accurate datla be-
gan to be gathered resulting In the formutation of
theoretical models consistent with observations
rather tan with “self-evident truths.”” Observations
were no onger distorted to fit these "“truths.” The
new point of view r'ltimately ied to rapid progress
in the undarstanding of natural phenomena. This
was the beginning of the scientific revolution.

Toward the end of the 17th century a philosophi-
cal reaction occurred which developed into the En-
lightenment period. Advocates of the Eniightenment
philosophy were convinced that the universe per-
formed like a fine piece of clock-like machinery
and that the job of the philosoptier, and therefore
the scientist, was to ga'n an understanding of natu-
ral laws in order to belter comprehend the unex-
plcred aspects of nature. The Enlightenment phllos-

ophy affected popular thought as evidenced by the
literature of the period which reflacted the influ-
ence of natural philosophy. Despite an opposing
view that evolved during the Romantic period, the
emplrical approach to the understanding of nature
contlnues today to be the princlpal manner of g&in-
ing a better understanding of natural phenomena.

The theory of organic evolution put forth by
Charles Darwin and Alfred Wallace in 1859 im-
posed another major strain on conventional Ideas.
From studies of blology and geology, these men
developed the theory that animal and plant species
uncdergo changes resulting in natural selection.
They proposed that animal and plant species
undergo small accidental changes, which, if favor-
able, ecnable the changed generation to hetter sur-
vive in its environment and thus supplant the origi-
nail forms.

The theory of organlc evolution met strong
opposition in theclogical circles since the teach-
ings of Darwir seemed to be in direct conflict with
Biblical ideas of creation, If evolution were to be
seriously considered a reality, the age of the earth
needed to be vastly expanded from the approxi-
male 6,000 years accepted by Biblical scholars.
But opposition to evolution slowly receded as evi-
dence was presentod to indicale that the earth was
much older than had been interpreted from the
Genes's account. Agaln, Interpretation of observa-
tions brought about a major change in philosophi-
cal thinking.

“I shall begin by making some experiments before 1
proceed any further; for it {s my intention first to con-
sult experience and then show by reasoning why that
experience was bound to turn out as it did. This, in fact,
is the true rule by which the student of natural effects
must proceed although nature starts from reason and
ends with experience, it is necessary for us to proceed
the othcr way around, that ts-— as I said above — be-
gin with experience and with its help seek the reason.
Experience never errs; what olone may err #s our fudg-
ment, which predicts effects that carnot be produced
in our experiments. Given a cause, what follows will of
necessity be its truc effect, urless some external ob-
stacle intervenes. When thas happens the effect that
would have resulted from the cause will reflect the
nature of the obstacle in the same proportion as the
obstacle {s more or less poterful than the cause.”

Leonardoda Vinei 1500
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“The main business of natural philosophy is to argue
from phenomena without feigning hypotheses, and to
deduce causes from effects, till we come to the very
frrst cause, which certainly s not mechanical; and not
onlu to unfold the mechanism of the world, but chiefly
to resolve these and such itke questions: What is there
in places almost empty of matter, and whence is it that
the sun and planeis gravitate towards one another,
without dense matter between them? Whence is it that
nature doth nothing in vain; and whence arises all that
order and beauty whick we see in the world?”

Sir Isaac Newton 1704
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As the student proceeds in the study of scieice,
he should be aware of the effect that the philo-
sophical climate has upon assumptions and activi-
ties which control scientific Investigations. He
should become aware that scientific efforts are
conducted In a philosophical climate which can-
not be entirely controlied hy the scientist. Philoso-
phy might well be so much a part of the scientisl’s
thought processes that It could restrict his obser-
vaticns and encroach upon his interpretations.

Young men, young men, have confidence in those
safe and powerful methods, of which we know only the
first secrets. And, whatever your career may be, do not
let yourselves become affected by a denigrating and
barren skepticisin, do not let yourselves be discouraged
by the sorrows of certain hours which pass over a na-
tion. Live in the serene peace of laboratories and libra-
ries. Say to yourselves first, “What have 1 done for my
education?” and as you gradually advance, “What have
I done for my country?” until perhaps you may have the
immense happiness of thinking thai you have con‘rib-
uted in some way to the progress and to the good of
humanity. But whether or not our cfforts bear fruit, let
us be able to say, when we come near the great goal,
“I have done what I could.”

Louis Pasteur 1892

lIl. Economic

Pure science has been developing for centuries.
However, it was not until the middle of the 19th
century that sclentific developments began to have
practical and therefore economic consequences.
Prior to this time, most of the technologlcal devel-
opments which resulted In Important inventions,
such as the steam engine, the printing press and
many others so Importart to bringing about eco-
nomic revoliutlon, were based upon trial-and-error
development desligned 1o produce a specific prod-
uct, and not upon the resuits of scientific investiga-
tion. However, in the past 100 years, the depend-
ence of economic development upon the outcomes
of scientific research has Increased sharply.

During the last half of the 19th century, the elec-
trical industry, which could hardly have developed
from random Invention and emplrical discovery,
beqan to thrive from the input of sclentific knowi-
edge. This industry was based upon fundamental
knowladge of magnetism and electricity which had
been developing for several hundred years, but
which had come to fruition only through the Impor-
tant Investigations of Volta, Ampere, Oersted, Fara-
day and Maxwell. The contiibutions of these men
made possible the development of new forms of
communication and, by about 1870, the develop-
ment of practical electrical generators and motors.
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It becamie possible to generate electricity in suffi-
cient quantities for such large scale use as the
operation of streetcars and industriai motors.
About 1890, electricity made possibie the prepara-
tlon of various chemicals through the use of elec-
trolytic cells. In the 1880's, the work of Hertz led to
recognition of electro-magnetic waves transmitted
through space. Application of this knowledge led
to the development of radio and ultimately radar
and television.

The dye Iindustry Is another industry pased on
application of theoretical chemical knowledge. Al-
though the first synthetic dyes were discovered on
empirical grounds, the German chemical profes-
slon successfully investigated the processes by
which the synthesis ¢f organic compounds having
good dyeing properties could be accomplished.
These chemists learned the nature of the chemical
groups responsible for color and described :hose
chemical groups which had mordant properties. By
1880, the close relationship between the German
dye industry and the chemical profession led the
dye industry to branch out into the flelds of drugs
and photographic chemicals.

The close lie between science and national eco-~

nomics which proved so important in the 19th cen-
tury developed on a massive scale during the 20th,
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particuiariy in the western world. Many Industrial
companies now maintain extensive research and
deveiopment taboratories in order to discover new
products for introduction to the consumer market
and new processes to more efficlently manufacture
these products. Plastics, synthetic textiies, synthet-
ic rubber, modern drugs and pesticides are largely
products of 20th century sclentific research and
the resulting technological innovation.

The most prosperous countries of the world are
those which have an economic system solidly
based on the application of scientific discovery to
techrology. However, it is equally important to
point out that the development of science is fa-
vored In a country which aiready has a strong
economy. Sclence first flourished in Engiand,
France and the parts of western Europe where a
streng economic structure already existed. Scien-
tific activity Is fundamentally expensive since many
investigations lead only to other investigations. Al-
though new knowledge may resuit from such in-
vestigations, there Is nc assurance that this knowi-
edge will lead to technological application within a
predictable period of time. For this reason a strong
financial backing is needed in order to foster re-
search to the point where it can become profitable.
The scientific discoverias which have resuited from
such research without having any direct techno-
logicai application are invaluable In the further de-
velopment of pure science. It is impossible to know
which sclenrtific discoveries will eventually iead to
practical application and which will ultimately rep-
resent contributions to man’s knowiedge. However,
that small portion of scientific knowledge which
has economic value will ultimately feed Into tech-
nology and therefore into nationat and worid econ-
omy. An economic structure which Is too weak to
support a sizeabie sclentific population shows lit-
tie promise of developing, or even borrowing from
other countrles, the kind of science which will be-
come important in technoiogy.

Since each student Is destined to become an
adu't dependent upon the economlic structure of
his country, he should have some prior knowledge
and appreclation of the direct effect which sclen-
~tific research and the resuiting sclentific knowi-
edge have upon his potentiol earning power and
the consumer goods that will be avalfable to him.
He wili, hopefuily, appreciate the soundass of an
Investment in research — whether it be by the
company in which he has an interest or by the gov-
ernment upon which he depends.
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“Professor Graham Bell, the inventor of the telephone,
is not an electrician twho has found out how to make a
tin plate speak, but a speaker, who, to gain his private
ends, has become an electrician.”

James Clerk Maxwell 15878

“Where (in Industry) the degree of empiricism is low
and the objective is to reduce still further this element
of our understanding, we are concerned with a phase of
that revolutionary activity which started about 350
years ago and which e designate sclence . .. . In gen-
eral, the more we understand the fundamentals, the
more likely we are to succeed in a new scientific or
technological endeavor; i shori, the lower the degree
of empiricism involved the better.”

James B. Conant 1960

“Recent statistical studies suggest that technological
progress accounts for a considerably larger fraction of
America’s ecoromic growth than capital accumulation.”

Rendigs Fels
Vanderbilt Unfversity 1961

“The basic institution upon which everything else
depends is the sclentific department of the univer-
sity....”

C.E. K. Mees, Vice Pres.
Eastman Kodak Co. 1950
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“What faces man s not, in any restricted sense, a sci-
~allfic problem. The problem is one of the relation of
sclence to public policy. Scientific issues are vitally and
almost universally invelved, The special knowledge of
the scientist Is necessary, to be sure; but tlat kaowl-
edge would be powerless or dangerous if it did not in-
clude all areas of science and if it were not effectively
pooled with the contributions of humanists, statesmen,
and philosophers and brought to the service of all seg-
ments of soclety.

“What is to be done? Sclentists certainly have no ar-
rogant illusion that they have the answers. But they do
want to help. They are, moreover, convinced that the
time is overripe for a more understanding collaboration
beticeca their special professton and the rest of society ™

Parliament of Science Report
1958

“It is clear that science occuples a conspicious place
in national policy meking . . . . And the reasons are im-
pressive: sclence provides new and fast routes to eco-
nomic growth, internatfonal bridgebutlding, national
defense, techaological advance, and such human values
as overcoming want and disease.”

William D. Carey

U.S. Budget Burean 1967

“The creative spirit is one and inlivisible. It cannc!
live and work under sercitude or external control . . . .
It we are right in holding that the most urgent business
of our age s to devise better laws of conduct in the arts
of human government, within and beyond the limits of
1.attonality, success depends upon stimulating in as
many spots as possible the largest number and carlety
of independent thinkers, constructing and maintaining
among them the best corditions of free intercourse and
cooperation and finally enabling their creative thought
to play freely In criticism and in reform upon the exist-
ing modes of political and economic life.”

John Atkinson Hobson 1926

“Through the practical applications of scicntific dis-
covery our clvilization is undergoing constant change.
In turn, these changas bring about situations which
threaten the well-veing of future generations. The wel-
fare of our civilization {s now almost wholly dependent
upon sclentific progress. Society must respond with ade-
quate and inteiligent control.”

]. Darrell Barnard 1958

63

V. Political

A sympathetic governmental policy toward sci-
ence is important to developing and maintaining
forceful scientific activities in any country. This
first became evident in Germany during the period
of Bismarck when political strength was built upon
sclence and the rosuiting technology. It is evident
in the present century in the United States and the
USSR, where a significant amount of governmental
encouragement toward the pursuit of science has
been available for a nunber of decades. However,
this does not automatically mean that strong na-
tions should enthusiastically appropriate money
for scientific activities simply for the sake of sci-
entific activity, nor does it mean that suppoit of
scientific endeavors will automatically juarantee
increased strength for the supporting government,
In a democratic poiitical structure, the society
which supports the government should ui.Zerstand
the nature of sclence, its strengths and its limita-
tions. When such understanding is lacking or when
the soclety does not exert control over govein-
ment, government policy could very easily support
sclentific ventures of little significance for the
soclety.

Just as government-supported science is effec-
tive in meeting the internal needs of a country, it is
also of utmost importance in establishing the inter-
national position of the country. No other field of
intellectual activily has a comparable effect on the
power struggle ‘vhich goes on between nations,
whether in direct conflict or In negotiation. It Is es-
sential to national prestige.

Tha increasing interest of the United States gov-
ernment in scientific research and development Is
dramatically demonsirated by the rate in wnlch [n-
vestment for this purpose has increased, {n 1940,
the total national budget for research and develop-
ment was 75 mililon dollars. By 19583, it had In-
creased to approximately 2 billlon dollars. For the
1068 fiscal year, the total federal budget for scien-
tific research reached nearly 17 billion dotlars.

This kind of federal financial support for sclen-
tific purposes implies that there Is a corresponding
control upon the kind of scientific purguits which
may be underlaken on a grand scale. The time
when a pure scientist could retire to his private
laboratory and investigate natural phenomena
tended to end when the gross observations were
explained in theory and further advances had to
be made in a much more intricate, sophisticated
and, therefore, expensive way. In the present era, ™~
sclentific research Is almost always supported by
some Institution, either private industry or a prl-<



vately funded rasearch institution. Bui, to a large
degree, funds for this kind of work coine through
tax policies from some level in the political struc-
ture. This is often true even in colleges and uni-
versities where academic freedom is prevalent, but
where research is dependent upon grants.

Because of this dependence on governmental
financing, there is a tendency toward political de-
termination of the direction of sclentific research.
If the political policies governing this determina-
tion of direction are well advised, the purposes of
sclence, society and the government can be ad-
vanced. The source of advice in scieniific matters
often comes from the practicing scientists them-
selves. However, in a democracy, an informed citi-
zenry has tive responsibility not to submit to the
control of a limited number of sclentific experts.
Social techniques are needed to insure that deci-
sions made by politiclans, with the advice of scien-
tists, concerning sclentific reszarch will truly re-
flect the needs of their constituents,

it is the responsibility of sclance educators to
make students awar2 of the impact of science upon
national strength and policy and, also, the Impact
of political influence upon scientific achievement.
The nature of science and the resulting under-
standings and processes will become more mean-
Ingful to the tives of individuals when they can see
how science is related to the strength and influ-
ence of their country.

“Qur capucity to create new problems as rapidly as
e solve the old has implications for the kind of society
we shall have to design. We shall need a soclety which
ts suffictently honest and open-:ninded to recognize its
problems, suffictently creative to concelve new solu-
tions, and sufficiently purposeful to put those new solu-
tions into effect. It should be, in short, a self-renewing
scciety ready to improvise solutions to problems it won’t
recognize until tomorrow. The vitality of our science
and technology will have a good deal to do with wheth-
er we achieve that kind of society.”

John W. Gardner
U.S. Secretary of Health,
Education and Welfare 1967

“Without such a major effort (as the spuce program)
the medically important organizationas! details of the
hunan cell could remain a closed book for a long time
to come.”

Dr.Norman G. Anderson 1967

V. Soclslogical

Until the tatter part of the 19th century, sclentists
wera pretty much independent of society; In turn,
soclety was not influenced to any great extent by
the application of scientific discoveries. Then, In
the 1870's, technological development based upon
the products of pure sclence began to affect the
lives of people. While the changes were profound,
they tended to be adopted slowiy, allow'ng time for
the adaptive process. lHowever, as the scientific
climate changed, the almost exponential rise in the
rate of scientific discovery and the corresponding
docrease in the time lapse beiween discovery and
soclological application reached into the physical
and emotional lives of large nimbers of people
simultaneously. This srniowballing of technological
advances has completely changed the attitude of
non-scientist toward the sclentist.

ERIC

IToxt Provided by ERI
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There Is a dislinct’'on between sciance and tech-
nology that should be understood. Science refers
to the accumulation of knowledge about natural
phenomena. It Includes not only the knowledge it-
self, but also the interpretation of the knowledge
and the methodology by which such know' edge is
galned. Technology, on the other hand, refers to
the activities which result in the production of ma-
terials and services. Technology is almost always
sponsored by commercial or governmental Inier-
asts since it Is largely through technologlical de-
velopment that economic and social progress can
be achleved. It is commonplace for laymen to.
speak of science when they really mean technol-
ogy. Sclence and technology can and do interre-
late, but they are not synonymous.



“An entirely new character hus been given to the
whole of onr modern civilization, not only by our as-
tounding theoretical progress in sound knowledge cf
Nature. but also by the remarkably fertile practical ap-
plication of that knowledge in technical science, indus-
try, conumnerce, and so forth. On the other hand, hotw-
ever, we have made Httle or no progress in moral and
social life, in comparison with carlicr centuries; at times
there has been sertous reaction. And from this obrious
conflict there have arisen, not only an uneasy sense of
dismemberment and falseness, but even the danger of
grave catastrophes in the political and social world. 1t
is, then, not merely the right, hut the sacred duty, of
every honorable and humanitarian thinker to devote
litmself conscientiously to the settlement of the conflict
and to warding off the dangers that it brings in its train.”

Ernst Heinrich Haeckel 1969

“As a result of our hard-won gains, we can begin to
devote a greater proportion of our space effort to prac-
ticul applications of sctentific and technological re-
search. The future holds much promise of even greater
returis on our investment than the remarkable output
of the past.”

Honier E. Newell
Assoc. Administrator
NASA 1967

55

The use of new scientific knowledge by applied
scigntists and technicians requires the lapse of a
variable period of time. Basic knowledge cannot
be lechnologically apptied until It is available and
undersiood and until tha practicality of the knowl-
edge is appreciated. Once these criteria are met, it
is only a matter of time before applicalion occurs.
An additional time lag cccurs between develop-
ment and the actuai uss ¢f the product by society.
Within this total time period, soclety must mak.e its
adjustment to the changes resulting from the new
development, Thuse changes may or may not be
easily predictable.

The early application of fundamental knowledge
to social uses took place very slowly. Faraday's
discovery of electromagnetic induction was basic
to tho irvention of the electric generator. However,
whila Faraday's discovery was made early in the
1830's, a practical electrical generator was not in-
vented until 1870, a lapse of approximately 40
years between discovery and application. Today
the period betweon discovery and application has
collapsed to a small fraction of that time. The tran-
sistor principle was discovered In the 1940's and
transistorized appliances were being manufac-
tured by the mid - 1950's. In the present decade,
space research is followed 2lmost immediately by
application.

While the shortening of this time lag may seem
valuable, it is not without its problems. The fast
rate of technological development creates corre-
sponding needs which the pure scientist scme-
times finds difficult to meet. For exampie, the rapid
development of the space program creaied a need
for speclal matearials that could wlthstand the
stresses of re - entry into the earth's atmnsphere
without belng prohibitively heavy. When this prob-
lem was first recognized, the basic kiowledge con-
cerning such materials was not available to the
materiais engineers. 1t is, of course, In this kind of
sltuation that sclentific research receives pressure
and therefore direction from soclety.

On the other hand, science depends upon tech-
nology for the develogment of new and better tools
to make possible better techniques for scientific
investigation. The development of the computer,
an important example, has g.2atly enhanced sci-
entific research since calculations can now be
made much more rapldly than bafore and, more
importantly, since previously unsoluble problems
can now be solved or approximated through com-
puter technology. Computer usage has also great-
ly reduced tihe problems of further technological
developinent and soclological application.

C



One of the greatest problems resuiting from the
use of scientific knowledge In technology arises
when application follows discovery In such short
order that thera is little time to anticipi‘e possible
adverse consequences. An example of this is evi-
dent in the indiscriminate use of persistent pesti-
cldes such as DDT. This insecticide came into use
during World War li and within a decade was being
applied to insect control problems on & world-wide
basis. The insecticide was prized because of its
persistence. Yet, because of that very persistence,
the accumulation of DDT in the environment has
created a hazard to many desirable animal species
unable to tolerate the level of pesticide to which
they are expo.ed. Sometimes such an advarse re-
action can be more subtle. When detergents were
first used to solve hard-water problems, the result-
Ing pollution was not anticipated, Similaily, the in
vention of the internal combustion engine did not
carry vith it a warning about air pollution or traffic
dangers. Not s0 subtly, the adverse social effect of
the atomic and nuclear bombs was well known
even before development began, but immediate
needs were met without finding solutions to the re-
lated problems. In this respect, techinology be-
comes involved In mora! issues, whether such In-
volvement is desirable or not. Unfortunately, moral
i?sues are often set aslde without a complete solu-
tion.

The student of sclence should be aware of the
problems of technological advances based upon
scientific knowledge sc he can react to his ever-
changing society In a positive way. Every genera-
tion will be faced with decisinns involving techno-
logical progress Intended fo improva the lives of
men. It Is Important that each person look intelli-
gently and analytically at ail aspects of such de-
velopment. Everyone must realize that individuals,
industry and the ccuntry as a whole stand to bane-
fit from technological advances. However, they
must aiso reallze that the motives behind such ad-
vances do not always provide for the needs of
soclety.
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“The rapid progress true sclence now makes, occa-
sions my regretting sometimes that 1 was born so soon.
It ts impossible to imagine the height to which mnay he
carried, tn a thousand years, the power of man over
matter ... O, that moral science were in as falr ¢ way of
improvement, that mes would cease to be wolves to
one another, and that human beings would at length
learn what they now improperly call humanity.”

Benjamin Franklin 1780

“The advance of the bro. i front of sclerce . . . is
largely governed by its app'ication to current soclal
needs.”

Assoclation of Scientific
Workers 1945

/



“Hypotheses are the scaffolds .vhich are erected
in front of a building and removed when the bulld-
ing Is completed. They are Indispensable to the
worker; but he must not mistake the scaffolding
for the building.”

Johann Wolfgang von Goethe ¢ 1830

“Whoever rejects faith in the reality of atoms and
electrons or the electro - magnetic nature of light
waves or the identity of heat and moticn, cannot be
found quiity of a togical or empirical contradiction;
but he will find it difficult to advance physicai knowl-
edge.”

Max Planck 1913

“Science is the attempt to make the chaotic di-
versity of our sense experience correspond {0 a
logically uniform system of thought.”

Albert Einstein 1940

“The fundamental characteristic that is common
to both children and science is that both are active-
ly involved in interpreting the cbjects and events of
the environment.”

Gerald S. Cralg 1958
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